.METHOD OF ANALYTE MEASUREMENT USI NG | NTEGRATED LANCE AND STRI P BACKGROUND
*OF THE | NVENTI ON CROSS- REFERENCE [ 0001] This application clainms priority to

Provi si onal Application No. 60/459,465 filed March 28, 2003, which is

incorporated herein by reference in.its entirety. Field of the Invention

-

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

an inproved | anciMETHEDOF ANKL. VIR MEASETREMENTCUSING ANTEGRATEYS t i oned
relative to each other such thﬁéﬁﬁﬁgﬁﬂgh@5§f§h?r”9d by the first el enent
is held open by the second ele | uids are pulled up the

| anci ng el ement by surface tension on the first and second | ancing

el enents. Description of the Related Art [0003] Integrated skin | ancing and

body fluid anal ysis sanpl i such systemis
described and illustrat edi‘ﬁcmémgﬁT%m%{vgdaged system descri bed
in WO 02/ 49507 includes a | anci nCREDSSARBFERENGEICe, Wwhich is attached to
or integrated with a test strip adapted to neasure the quantity of an

analyte in bodily fluid or, alternatively, sone characteristic of the
bodily f |[m1] UsabI'EhIBQEIPhO}HM clatmms pagrity te PrayisionabApplication &o. 60459465

e A ok R oo SRS ARyt o 8 B ) 5"

in the skin an odi anci ng er'emen

test strip by, for exanple, capillary action. Such integrated sanplers may
be conbined with, for exanple, an electrochem cal neter and referred to as
nmonolithic or i i g devices. [0004] Many |ancing devices have
been devised t Aefi drine BB g and to enable bodily fluids to be w thdrawn

fromt hoselOW?d. si onsheJypsent ma%t&nsfeéﬁt@ sgederab “b{?@ﬁmz elementyfoEpssin n t he
skin to allow Qﬁ%lﬂgbﬁddﬂz@1%1&5%&8@@9&1&%&&1%10?%&68@&} th 3R imfdoleq WheT €

they can be sanpl ed e patient or doctor. In order to ensure that
enough fluid i slamengalsmmfmdndmﬁé‘xrstrmdwﬂ clamentspoisitipned relitivg tebabent s are

gener ally |argeg Othdr sugh ﬁ]rngm 1nc1s%nft%9[int|:& L?{h% f}raeelgrrlle%\fvisq];elt? gf;gnl t?' g Eec &i Hy

fluids from
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



-

‘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] Hol |l ow needl es have al so been described for use in
drawing fluids out of the body for testing purposes; such needl es nmay have
a pointed or beveled end to facilitate opening the incision. In such
needl es, the i ncingheisiondn thglsiindpatiowybadily fludds te esatipa trethersudicetdfeheskdrd| e t o

facilitate the fl.ow of bodily fluids. out of t ~incision,and the bodily
fluids are d_ra\/\nv_vlefﬁe ﬁﬁg Cﬁ%hﬁ}/@ﬂg?‘{l ﬁ%.“_‘%@/a‘%“b%{gﬁﬁ%&?‘* 39 order 5o prisy ction
or by a conbi nateneiigtPfluidas rlvisédifomant idciion, 36dH Nd 14N et M hrel 2NCi NY
devi ces have been descri bed wherein the lance is a flat or artially

~curved pi ece whig€eneraly jaigrsdn gipmsirsiio daralitatsi the Bewplisefifisient bedily fluidsdromhe

sharpened tip t . | el f-or exanpl e,
surface tensi oghéﬁgﬁgd;n?ég%%ﬁ@%ug@#gnﬂo‘gg@‘%’ %&é]& ?ﬁﬁgﬂ.‘é et gerél?)érewjon
advant ageous becheisige oftthe intisi@aensirehatehosgt bodilgMhlidshee easessed and are

i ntegrating themintq, for . exanple, 02 test strip, in order to facilitate
both | anci ng andohidie Eactliateithe Howiol fuidsdp thedasting apparaist he | andi ng
element is at or ' | | [ J nnel
for quidi ng[ 5Il]Ji d, itrﬂﬁ%wplgégg?égpé@éfag?étﬁﬁe?%@déﬁsﬁ?%@gggﬁlﬂg 86‘21?0% on
the channel, f thd odyrfopestingurpossk;oukh ngedidsanghlaveal poanted pr Baveletliendtdbodi | y
fluids from flqow.ng to the proximal .end.of the channel or Jimting the
hount of 11 ut o Tt obebE AR B OR Bt e hisS. i BRR a8 dBed b thets
therefore, be adueRpHRGREMS the #edlcds failiARThOJoR DY be@IyMIEHS ot ¥F thd anci ng

elenment is a flat _or partial l'};y curved (B_iaece i ncl udi ng_an open channel and
the | ancing el edfsition ad thebedily eids A drawn sp dhahaedlesitheidhia Megunmeoribici si on

open  when the LaIGhG%cRRHREY 2 LobiRafiGiPo A BEnaRE ¢ éﬁ%g%h the edges of

t he incision oSl ng anci ng el enent a rtrally or fully
bl ocki ng t [i@M06pen 2 Etberdaicing deviggs havikeea desanibed) sbersin thedawe dgoa Hatloanci ng

device wherein th separation element .is positioned.slightly .proximal to
the. ahar pened 1« PRUEYY FREEEpiell whlATREhal Lanl ) LhECeop chibile SR BRI FE, o
| ance into the skdrpenel tipwo tHecbrbxiniahend obhe &dica by aganiisf, for edempRNsudfabéinci ng

devi ce wherein the | ancj ng el enent anéj me,
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 tanding 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



separation elenent are formed froma single netal sheet. It would further
be advantageous to design @a |ancing device wherein the | ancing el enent and
the separation elenent are positioned opposite each other such that fluid
is pulled up the lancing elenent and into the open channel by surface
tensi on between the fluid and the |ancing el ement and separation el enent,

t hus facilitatiq&@éhe fiIIing? of the channel. It would further be

advant ageous to pedn avould be ady aptageeus todtign adancing devicsi whereinghent and
the separation g

. A Sl heet ,of net al |led to
posi tion the sepgﬁgt;?%nnaéﬁg%% op%%?ﬂlghﬁgﬁ}‘gﬂ%]ﬁﬂg’e S&%ﬁ‘i ggﬂi ®t hat the
proxi mal end of luiwing elamemgo Ectifratetingentdor dfxhs BnoE aitd Gk skih. SR REREAN
open channel . Itéﬁv%ul d further be advantageous to nmanufacture the |ancing

devi ces describ Sppgrogst ,S‘gf’d’ﬁa%‘}!%rﬁ?‘@?e wherginthe fascingrieroent ard thepi ng’
process. SUWARYeCtraidiFelt MM fMnkdBd eggélgg]g%@fshk&_n G RuRkl; IQlwartg’cor di ng

to the present invention may I nclude t providing an ap Fopri ate

| ance. An appr opdiamtageonhioalesign adenmingpdedce whdrbintthe lancimgeiimdnt yehiheon may

i ncl ude a | anci ng_el.ement havin .first sharpene en oint, a separation
el enent havi ng ég%aé%tb%acqgﬁﬁ‘%ﬁa&saﬁ)&?@mf&aegﬁ} %‘g? cg tﬂP&H&PH’dF Rnent,
a connector, commsiahtingeRmehoanidTalo tﬂ@b?éﬁhaﬁﬁel%?%uffaééﬂenéi@ﬁ'ﬁ#t%en file€mENt O
a proximal portion of the separation elenent, the connector formng a

channel . I n a miluisbandibe langingglameent pad grparatinn elemeshthemfacilitating tiepSllingy

I nclude inserti t ngl hLEE i,ncision,.inserting the
separation el emgﬁtEhc %ﬁgn#egrgrﬁéb%lcgpen f%ee@ﬁ%ﬁé@g%?o SesiEg 5? 1§ ‘%ﬁ’éel anci ng
el enents and t hevheegimthatlanwing ed¢reentrand ithe deparaiiow eleinent a8 ifbrenddTebich X sfnletdl dS

are drawn into a]ésgafe ﬁgt\ﬁgﬁn t he. It?]nc%:}r%? elepgents. In _a nmethaod o
| anci ng skin i n>%EE 8 TERCEPURE {HPIHLOhe § nig PBPositetle lapeing nay
further includeeleh@nsiuRR tidk b pRvkiftl EAEBE ankink! cidrfisnt bh@ e sepfaifiAce i nto

the channel. [0009] A nethod of |ancing skin according to the present
i nventi on may i Remsakformsa openphagnel, Ixwpuid fgrthar bendvaniagesue td mawdactine

appropriate | angg jhiki : AANEL bV i biavent. [ i ncl ude a
| anci ng el enent hawﬁlggg&?%rst gﬁgﬂf %%ﬁfggﬁmg]gﬁ%g%ﬁk’ﬂ gmsetkaagg?%ﬁ.]iﬁ%ﬂr el enent
havi ng a secondstamgingairetesposi ti oned adj acent the :

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



.lancing el enent, a connector, connecting a proxinmal portion of the first

| anci ng elenent to a prOX|naI portion of the separation el enent, the
connector formng a channel and a sensor strip attached to a proxi nal
.portion of the connector. In a method according to the present invention,
the lancing el enent may be inserted to forman incision, the separation
el emrent may be inserted to further open the_ incision and t he I anci ng

el ement and sepdP¥ENtSR. BF sephmaydyrther nelpdn the step of ﬁrw%gtherh@rigyawdmm

bodily fluids arng b Mt Hansdace between the lancing el ements. A
met hod of | anci ngcgégl%%n att"ccordance with the present invention may further

i ncl ude t hdom%p of df&amtmgl afhmdmgjsldm atdondidg tdf the prelséra isymdion irrlﬂydndlh&b

channel . A rret d of lancj skin in, ac ordalgge wth tpad]ggresent i nvention
may further i %EfEP PhBro¥ Ut *RATRTI41G lan BPRTOPTHE, 11 3cPrdaRcec hannel

into the sensor vaitH {he p res[a&%@e]msnnﬁw%mcd1mglaeﬁl§maaﬁfgq@sﬂgmgﬁcéd1e

present invention includes the step of providing an appropriate |
appropri at e | ancadprintessparatiow clgment havieg psesordend pointpassionedigdiacent tde a

| anci ng el enent jhavin rpened end Qin se r | n el ement
navi ng-a_second EREsr e S v RSRESIGRE R PnH pofief RE Relisdicigl o
that a space befelsagnt td@ploaiiailp@redefht sepachtioh eleGRAG MK ¢ddnects} RXMHg & OF M5
a gap, connectlng ei)roxmal portion of the first lancing elenment to a
proxi mal porti o§h#m ﬁl@iwﬁa?ra&tmbﬂﬂ@he@rmpr%ﬁ@al@eﬁma © ¢npstag Ina

channel, a Se”%%thcfééchrd%(ézorg@Erge fht t %ﬁ TR 1aRGh %bﬁﬂnsﬂfm&{ﬂ TrREYeEeGOF -

In an appropriate Tance a e present vent 1 on e gap nmay
i ncrease in sizdogom axineision, the stepa‘aeexcchmetmlpay bmnscrtcdtthdid'tlucoperduhag to the

present invention, .the urth ertin cl, ng

B enent o for miisiphand g RbcHRele i e seraPio Smatt e B aR gt R e e

open the incisi pitisioswhile bbdilyflaids hﬁ&irhﬁﬁmt@ls]i)&baﬂmﬁﬁ tildndiRgeRMRakat i on
el enent in the |nC|S|on V\hllerf?ura,vmng bodily fluids 4 _intq the %@1 In a

met hod accor di né* ¥§ 1 iAsERTAanre Yithathepreprdy inveption may °Fnc| ude

the step of dra‘lﬁcﬁﬂiétﬂ@st@?@f boawing b Dol ¢ Auids SroftRe sPice iftB$he A Ina

nmet hod according to the esent |nvent|on the nmethod nmay furt |ncI ude
the step of dramqiil@dtdféalm skyn in @pdsiammthﬁ@pcasammewntmmmrtbensor

Strip. In a Mg ach AGEQHbPSrabing e bRy Alss HONSRE Lidhme! b HELARE ™
strip.

[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



step of renoving the | ancing el enent fromthe incision and drawi ng the
bodily fluids into the gap.»In a nethod according to the present

i nvention, the nethod may further include the step of drawing the bodily
fluids fromthe gap into the channel. In a nethod according to the present
I nvention, the method may further include the step of drawing the bodily
fluids fromthe channel into the sensor strip. BRI EF DESCRI PTI ON OF THE
DRAW NGS [0011] WP the 82ge In gyasthedsagegrding terthe Reesent irventiom the methed niayr t h

Wi th particul ari RytHePinchide i - r Lng,of the
features and advant gggg of ﬂtaﬁgt@ﬂ gfg‘s”'g’]ﬁ'?é ﬂlﬁg\?ggi]tlfg#d\% ow]%eggé)ﬁ’gﬁghg%hﬂvé'
reference to thelf airiethedragcording tbahk pressmt inyention, theahethed mal Gtirtiier include

illustrative enbgdi nents, in ich,. .principles of the 1Invention are
utilized, and thﬁ’eég’g’&ﬁﬁmjm\éﬁ%ﬁ%ﬂ;\mg’éRb*n“’%ﬁ%ﬁ?aﬂpéaﬂ@]thﬁf@a?restrzp-iI@ ag
perspective Vi eWngthod abést8in3do BheSprestint RNt tH AGRGI ﬁxia?%ﬁﬂ%r é@c@ﬁe@@@iem

invention. [0013] Figure 2 i's a perspective view of the top
| anci ng el enent #eRiof smavingibe danginglement fronpthedngision andedrawing the 66dily

Figure 3 is a pejs L ue view of anather .enbodi nent of the invention in
wht o muil ¢ pl e ShPE D e, gapth e Biog 08 BEBS e FieenCinydnion B fretbage
format. DETAI LEDnBY-fffePichide@he bteh usﬁmmhy&]mwmn%c@ag intbMENTI ON
[0015] Figure 1 is a perspective view of |lance 15 and sensor strip 100

according to thehapRedslr methed secasding o theingercat inventipnctée TBthad manfwedted t o
sensor strip 10Oincluﬁsﬂmiqﬁwarewﬁgqhmdiﬁmm&@fmm aﬁnclglgtggyé:geﬁgorsensor

strip which uses . 5 electrochemsStry to neasure the anou ucose in a
bodily fluid, su#fipas, for exanple, blood or interstitial fluid.
Additionally, sensor strip 100 may be, for exanple, a coagul ation sensor
whi ch neasures a physical characteristic of a body fluid such as

viscosity, capacitance, BRIEFIBRSERIPTIONTOF THEDRAWINGH/Ire 1, lance 15
further includes |ancing el enent 22 and separation el enent 24. Sensor strip

100 further includes first electrode contact 10, adhesive |ayer 11,
conduct i ve [60bKt r at e Whie theemivehfehmresSf tinciaoeionlasciet fstth Witk ba€ibulirdty in
Insulating s UbSttﬁg :Elp?pe%géd cizlralxsn!njsl,% Ictrgcg' 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



layer 20, registration hole 23 and working el ectrode 36. In an enbodi nment
of the invention, sensor strip 100 may have an approxi-mate wi dth of 0.22

i nches and an approxinmate |length of 0.55 inches. [0016] Figure 2 is a
“perspective view of lance 15 and the top |ayer of sensor strip 100 for use
in the present invention. In Figure 2, the top |layer of sensor strip 100
and lance 15 is forned from conductive substrate 12. In the enbodi nent

il lustrated in Filefifoghemisiey iymesuirths anobpkefslucose jn-a berily fheidt sushlas fo8 and

regi stration hol&.d3le bidof! A ;al FRGIE € N u?epn ACH el emept 22,
separation el errer?tgézeh andogﬁﬁs%hannJ é‘%&tltng%if'i &Jeﬁgﬁgggfnﬁ%ﬁie’fl a

| anci ng el enent exanipleeasoagulition semsor whkdhenéasnres aphisical icharapleis®nbf 4 Boggnt i on
may be descri be(ngith reference to Figures 1 and lL.n the . enbodi nent

ilustrated in P&l 2t VIsas1Y, cdpag °s??‘?‘6“‘i“’®6“‘fﬂl§l1l¥ae§ﬂﬁ%% I dpreet Mode

contact 10, wherfgitRerfihdl®des $rRfilg 8RR 2LAR sePldatiBhVelQfent 24E SanfrisHi£fHPN an
i nsul ating substrate 18, and a second el ectrode contact 17, erern second

el ect rode cont adurther inadudesifisdclegtrpde eonsact 40, adbasive layere! 1s gbaductive sdiRtratei ch

IS contiguous w,th referen rode 37 .lance 15. 1In e embodi nent
of the Ianci ngVY'gr ‘éer{'éﬁ?lcealﬁdgeggﬁdsglg&g(giCﬁqaf:ﬁ?sjt"f'sﬁpa@&g F'ﬁ’sﬁa&i dnsplabing o
the orientation lgfer 20,iregibtr@ticadiolo2anbdwbiig diectade 36 Eae@bBiieadsr ment act

17 are arranged such that an anal yte nmeasurenment neter, such as, for
exanpl e, a gl ucdXENHeR SEnsORSHIPIBVRAY bave an apprakimaiewidth of Pi224nchesandian wi t h

sensor strip 10Q pﬂoﬂirﬁdﬂ@leh%ﬂh%ff@ﬁiﬁ%es?”bwi ment, first electrode contact
10 and second el ectrode contact 17 are arranged on the sane side of

i nsul ati ng [@163t r at e Fighre 2 if apdripectiveviewrnfdaice 36 abdthie toplaet vHsbasoratrip he

distal end of s r strip 100, 6 | 0018] nsor, strip,100 s nmanufa red

usi ng adhesi ve ﬁ%gorr Upen [?'8 PEPENS Le"lgﬁg'upgﬁgﬁﬁ zsﬁbes[f’ﬁé‘i}'gr ggs@aormwi ve

substrate 12. AdhéRinvel3$ Bermdd frome@uhducki®e sibsphements thel dintsodigeier of ways,

i ncluding using_ pressure_sensjtive material, heat activated material, or
diiFiguraL AR

W cured doubl elllysHag e "éF‘P’%\F‘?bSWde'P‘EIWS"SEPd%‘{l?éﬁéBQZ may be,
for exanple, a s8qkioh heL@B! hh Fluke/2, AMNLUGhMEIIBLRS 1eauﬁéh12 ée}gga?'oﬂ or
The strate 12 rmay Be

pl at ed stainl ess steel. geonetry of conductive su
formed by, for elemepl 34 anskidhphangeldlocess or photo etching. In the

embodi ment [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
msulating 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.



illustrated in Figures | and 2, |lance 15 may be manufactured as an integral

part of conductive substrate 12. Vent hole 13, may be forned by, for

exanpl e, punching through conductive substrate 12. Vent hole 13 is used to

.facilitate the transport of bodily fluid up | ance 15 and across worKki ng

el ectrode 36. Registration hole 23 may be forned during the stanping

process of l,hg conductive sybstrate. 12. [0019] |1n ope enbodi nent of the
ok 1t} pssinl

i nventi on, al yt eSS stiip 1UR\s mapwfacired ysiie adpesiye layer Ll gatfadis e sensi ng

layer, includi ngiRBiafRg ¥iBtrafe 1BUbTcBhduchVesibstr@dqs, AMEERL Biver McAMRbYL €
sensing |ayer (not shown) nmay preferably be deposited on tyop of wor ki ng

el ectrode 36. Whimplemanigd an g numbenfiways/ ingludingsising pressaredensitive miterial,

presence and congentrati o . i di.kvy, flui.d, at | t ortion
o gl ucose. sensii el mfeadh $E0 VR BugBclch btiite mhlernl Conielty
convert the gl uaRsgareaRaRLY bé forexample)a sheeebPelbdtiibaly dondB& e TRfeRd sAHEL er
which is proportional to the gll ucose concentration in the sanple. [0020]

n

I n the enbodi ments 8ald g platedetpinigsspsteplr The geompiryof cppdictive substrated 2dnay be .
and proxinmal en ' LS. hJ2t ' r rence

el ectrode 37 and%@ﬁgbg’lh@f %Qﬁeﬂﬁﬁﬁ%géxg é:’r?%é?\ﬁe)%qﬁh\lmpég{g [ﬁ‘{ g‘%‘ﬁ"e‘ﬁ‘a‘.“%ﬁ al
end of |acing el dhmmite®h Fighsdend 2, hinge hembp beatnbfactui] prandewgrabpart of

st anpi ng or photo-etching a copnductiv tal sheet. Phaqto-etching |l ance 15
s al S0 benef | ci SNSPFAYEUPHFE Ay <ntiiole [ s IarESdpy. dot cxampley PRI

whi ch has a shar@rdiaACoRdudtive ¥Bhkrae2 22N¢knt HSIRABAS hRA 18 FRIRMe thétrarsPok of
subsequent process step, lance 15, lancing elenment 22, and separation

el ement 24 may beodbkyrfluid gpanceld and/acrpys werkingrelgstrade BénRegistragionrhele 33 as
hown in Figure 2- Fi . ' I '
ZI errenlt 22I gzd slé%rgétﬁngﬁeﬁgﬁqgﬁéﬁ}t% ]sﬁﬂédéf \ﬁﬂ%’?ﬁﬁsﬁ"é&%@ﬁ%‘%‘é‘é&% sgﬁsg[la&glfzér ence

el ectrode 3M019n one Innecimbedimanrt of the ipveatiomtanianaiyte sensing tdyer fiag bélfoend of
lacing 7 elenment 22 and se aration]ti8.4ﬁ ‘ﬁf se aratio$§lene$t 4 are
of f set by about °"@’.'t§€953i 8% SESI08 ‘26 'PHENIBE A0 PREYSYS 2-PHECH 88¢ BFF99K | ance
15 is adapted t onédia@r.cAhaGhlywielsifitlayskinbt sHotvn) tha§ prefBRbRESe depadiedBnPOi Nt
of lancing elenent 22. As illustrated in Figure 2, with separation tip 40

of fset distally PPefivertinpelferods 30 Jhere appaahsicisensing layer is usaddmdeteet; the al
end of lance 15 GOMREd SFcdidkirtidR 0P EMESselih B bafily b al 1Bt RpoRiohBEY Sharp

glucose sensing layer dissolves in the bodily fluid and is used to convert the
glucose concentration into an electrically measured parameter which is
proportional to the glucose concentration in the sample.

[00207 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



_point or edge to facilitate the initial incision as |ancing elenment 22
"enters the skin. In contrast, if lancing el enment 22 and separati on el enent
24 were coincident, the |eading point of lance 15 woul d include both
-sharpened tip 38 and separation tip 40 making the conbination | ess sharp
"than the enbodinment illustrated in Figure 2 and requiring nore force to
create the initial incision. The offset of sharpened tip 38 and separation
tip 40 make | ancdementZgaad sepasatioa tin 4 pesepatation element 2Rre effsetttiysabonthier ent

al i gnment diffi(q;tljd'- | rd~Agi t he sharp point of lancing element 22
and separation e'er?eﬁ?héfzoih'rﬁzgqg |%'nrrent or contact wth each other. The

enbodi nent [9021]he i nVRRtdesignidflanst n Atiestaptedfo giore sffdctively cht kitin dué ter
benefi ci al bec%se it enhances {?Ipu_i d ?gress by hel E:ia{;g_to_spreaq and hol d
open the skin frRer lepding pping of pging element 32.0As ildus in Figurhd vttbodi nent
illustrated in Fj gr?sﬂ I i f.erence

el ectrode 37 anf@g‘%‘%ﬂ‘ﬁ%ﬁ@@{f?ﬁﬁgﬁ%ﬁ@?? .éd&fl{g%fa%i%%q?b@gie%ﬂ{l% may
i ncl ude form ng didtdl eafl of knce |l § compdsss onlynshagiened tip 38 which may be aweryshadpat i ng

substrate 18. [0022] In the epbodinent. aof the invention illustrated in
Floure 2. i ance POt of Fedaciiiar hg Ffilaneision o5 RUFBE fletarat 23wk adhe sin
transition bet w/q@ao;;th_@t,Iiﬂaﬁéiﬂ%eleaieﬁmﬁncﬂ?ep&&qoﬁeﬁa{eﬁii@&eﬁ'c%mme £he and
fill channel 21 facilitates the flow of body fluid fromthe wound 't

wor ki ng el ect r odeadB®, posptcifiansa d P iwould nslusle bothesharpeneditip B8 iand sepatanion tipt he

| anci ng el enent | 4 ' nal 1 prevents the
I ntroduction of 4§t%?)p | %%?Po?i’ghaﬁ 'l?cf%g(&:% F%g’&%‘%ﬁ%‘ﬁ'@g‘&’ﬁF%ﬁ%ﬁdﬂﬁfww gt e of
l'i quid sanpl es. aithequirimgreogdorete yreateahe akea indiston.i Kied offieodf sHagienad tip qui d

sanple will suffjciently cover worKki el ectrode 36 and reference_ el ectrode

37 regardl ess 3? a?‘ﬁéeﬂ%qtﬁﬂtnpo‘wlpﬁlée{‘)’g?&g’f@marﬁ “Waglélb&ﬁ?‘{sﬁgr%%cﬁs wound,

or even if |angR idRerkhtealigtihdnt QiFfiablti¥s mfﬁrﬁ@ngfthagﬂag@gomfm%ah eIEn?nE{ntai n
0

enbodi ments of the _invention, sanple can be applied t he side of |ance
15 rather than pP%3aud separagiopelsmeng 24 intg agnmers & camachiwitreash ethcdeFhe user

the option of dQﬁB@?g%?%k%&ﬂ@&ﬁoﬁ?ﬂ%&fateﬁtiﬁ iﬁ?g&%‘)l ld £l fﬁnﬁér.tbﬁé}% aPeen

| anced separately I'n the enbodi nent of"the 1nvention ilTlTustrated in
Figure 2, the ghgcad it behansenflhid kgieng by helpingtto 2freathahddebdppdn thaskdhenent 24

gglt \C,’\gznbloginl:?’n;b&hg@%&gﬁir@ﬁ%'inc‘iﬁgﬂ QSerln e%'In Ibeeerhl?o%rir%gnstiiﬁgstrsate a}rrl ?’}éu?eg
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



separation element 24 as fluid noves distally towards fill channel 21
facilitates the drawing of fluid into fill channel 21 -and fromfill

channel 21 to sensor strip '100. As gap 42 narrows towards a distal. end of
separation tip 40 of separation elenent 24, the surface tension between
the bodily fluid in gap 42 and the walls of gap 42 increases, thus bodily
fluid is drawn nore readily into gap 42, and up into sensor strip 100. Gap
42 is al so advarRray@enlsnd af lapee 13 which orevidestaquser the option ofidesingsemplé obtadi | y
fluids into fill f.achld [ of bodily fluids
positioned to thsgﬁ%ﬁg?ﬂoy%;aggyﬂﬁﬁgP#uﬁs&é%ﬂ%?\(?:?%é{tﬁg ways in -which sensor
strip 100 ni923je usednithe gabddimehosfithy inventialsillubttfedih Fighre 2 fgpl4221 may
facilitate the flow of bodily flujds by, for exanple, w cking or capillary
action. In the iFB¥ERIaRGIgG ¢l ’EPS’P‘ri.?t"’é’(S‘ ﬁ%ﬁa‘ﬁ‘wlé@cl‘t Hnepides kadyly fluidsdnteel 21
has an open geonpf fpankliAh ﬁﬁ%ér&iﬁﬂﬁg’éﬁﬁoﬁ"b&@e@ﬂlﬁt%ﬁe Wz?%ﬂ}i" es and

provi des for sinpler manufacturing techni ques when co h™Cl osed
capi | | ary channekparatigy element2dras dhixboiovendistally tavards fill eharineh?21 fachiitatedhannel

21 may be coated, with.a surf.acta oat | or .und a rophilic;

surface treat mceihet d%’"f%%‘?@ﬂ@&“?ﬁi‘°§’&Bﬁ'ﬁ‘?glﬂ§}dff8&ﬁﬁgﬁwﬂgfm CNIMSHIRI 2 1.
For certain enhodi MBap 40nairbes taweaE h Qidta$ SiRROPdepAibn BP0 3épAifbn! aNCi Ng
el enent 22 may be coated with a surfactant coating or undergo hydrophilic

surface treat merflement 24 fbe utse tensiaadistweearthe bodily fuid iwgap 4hand apwallg of
Addi tionally, t ggp 9P Lr&ROT RIS hodf ]ﬂf.:id is dﬁmg e I%;ﬂlfgﬁlﬁllt# %#pg%ﬁ%m% ﬁﬁy"t"‘ cki ng

of sanpl e becau It prevents the ormation of a va 2l osed
channel geonet r pensar staipi I0DaOap i48listlsc advaniageowssin phan jifecilitatesi the irtrodacidn oned

too close to the d.ar,_inside,the nd ..preventi .,r from
facili t:tti ng th@f%% %‘f’%g‘r‘r‘%hﬂ cpﬁnntehgi)gﬁg?cl']ﬁ&'r‘%g.ﬂ‘ﬁ%%@dﬂﬁﬂmgeonet ry
of fill channel pgsifionddte thy add wgafeﬂdtlﬁlfs chBdhethglthe GaPs MOWIRIER sdisONQHp

arbitrarily close to the source of the blood and allow for sufficient fill
of sanple. In dfPdaxhssuediogatier bedily flwident i on, the open geonetry of fill

channel 21 (ig)t he O FReREhdi2IlRafBltlicRe bR MS) of BSTINAL TS0l Q@%‘ié}e

m ni mum sanpl e vol une to cover reference electr
el ectrode 36. Thwickipgor eppdlacy astionf In thef emboidiment|ill@trateidiis Figdureank araixz, efil

sampl e 10 accunylal 5 Allta'dobh gEHRORPlunZH AliBlhs oL REMESH 5B iSIRS'
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



[00251 In the illustrated enbodi nent as shown in Figure 2, the geonetry of
‘reference el ectrode 37 may be fornmed during the stanping process which
effectively enbosses the surface of conductive substrate 12. The stanping
“process may provide the pressure needed to create a recess in conductive
"substrate 12 which can help define the distance between reference

el ectrode 37 and working_ electrode 36. For certain applications of the
descri bed i nvent§3PAcity © hf‘?l!ﬂ/a Iasger samppler wlirat than gheominimpm samplevolume te

conducti ve substiNre TaenacicgaEy s BBk BLARIAENE 118 bt BEIROR dld o

conducti ve substrate &t hi ¢k

| ayer 11. For otdlmnnelﬂplthnmadi]omsxoéssishapldesaardubmdhtc alovg filli channel 1 Whychal SO
be advant ageous ? got e 0SS thﬁlﬁqnductive substrate 12 and use adhesive
layer | | to helSIRPIFIYGR SIFANCHWOHRY $4F of reference el ectrode 37. [00261 In

t he enmbodi npess)of sengQhe fukirRed BRbbdildent Jsasthﬁgn'lﬁ‘]’f: Hz“ﬁ‘%hé‘gedntﬁly ofdt1ng

substrate 18 consists of material such as pol yeste cer whi ch a
conductive mat erfﬂ&rcn@anleb@t]lﬁ?fmy] be fermedrigting therstamspibg prosess widch hr ough

Tntorior denos elRBY FeBiisefhe Sl dtcobRige PRlrace?: AR ARG o

contact 10 and \poédesa¢pasiidertie pre3bure nBedet a6 tidgte lad¥&ss BlcotBictR sub@fate
exanpl e, screendgri nted to forma boundaréet for first electrode contact 10

and wor ki ng el edi2ryigh garghelp éﬁ-E‘F)thFFlb‘Eﬂ“ée weeiprefprerasedectsede 37 and of anot her
embodi ment of  Reor AkeMlcl:BHe 56 FOP b ibgichhdhs O Mo s LA ARRh AWl
sensors for use In a cartrldge into

an array nmay be i nser
a neter (not shbemjivirdageoys sxoonprsl ﬂcdmaﬂetmemrcfwae&dlecmdaev andne by

one. The format of Ihl al L ows row efo ded in
a manner sim | ar¥Sg§ eg§n§$§¢g§em§sg}%cog é‘rvﬁls“ p’lgn ‘E?tﬁ?qo%fb °P3°1 WEnsor
strip 100 in Fi ghtrm1dkn6§s®faﬂhe%méﬂﬂydrqgeﬂ‘bﬁﬁth%p@ﬂcéﬁoh@ﬁﬁmeicﬂb@ﬂCh

facilitates their use in a Caﬂgﬁﬂg . In Figure 3, conductive substrate 12
is stanped in YSPHGR-dEEAY als Yﬂ%ﬂtﬁemtﬁnnpam%oswfsmﬁumatsuma of

themare chai ne%&ﬁsé&ﬂ.%b@fa b mme@ﬁdefm%ég&:m@w%f%feﬁﬁfé 1§éu&?gguct ive

substrate 12 forns index hole 31, neck 32, and contact 28) In
a further &936Hi ment Intherambadimentiof sensorstsp d0h illustrated inodigutedy ersulating

shown) conpri si g, 3 AHNGILNR of BePkial Aknds Y6RRGeSSREAGC bR YR cu! d be

attached
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 einbodiment 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
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.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 forned
using a single area within conductive substrate 12. However, indivi dual
.contacts nust be made for working electrode 36 for all of the strips
within the array. In the enbodinent of this invention, index hole 31 is

used to index the strip cartridge so that it can npve a fresh strip to a
test position. NO&thepinjseries, thestamping progess Pl rondugtive shstrater [2formsindex

pur pose of neck ﬁg? B?,ﬁe@k%QCiah&E@r{t&gtleEﬁ” p bending at the |ocation of

neck 32. In order for' the strip to be expressed such that a user can apply
bl ood, the HOZ8}p is biartfudbenembalimeant ofebkin32ntionca bécoad eleclhedediang (adt a

defined | ocati on. Congt act .hol e %ﬁ{on (ionduc ive substrate 12 all ows
electrical contSheW™ §OPRrisHgan G NG RY gluepsssen 299 erld he altaabed g
substrate. [ 0029} chidirtivesmtraef12 %rlﬂheﬂﬂltédrln@"i@ﬂf 9aRCR Yt &e&li‘@'_aor eseng-

i gures

invention, a lance simlar to the enbodinents illustrated in
t hrough 3 is provefemnge pipgtrade for all o thergrips witkintheomray may be Simmedesiegat i p 38,

a separation el epent 24 havin .separ at. i ip 40 is.positioned proximal
to sharpened ti pS"ﬁgéE.E A vone" (é%}naglﬁﬁn?rceﬁ‘t%sg% ??‘h Ogﬁv’erhlnlagﬁ&a’wﬁorg@‘fﬁpﬁﬁ tip
40 may be posi t imaedobebikirg ekppsdedafor afl yf theQfipsiwithietheandy. GRfhei Nches
proxi mal to sharpened tip_38. A nethod according to .the present invention

further incl udeseﬂ%‘?r?él"@ffrlég’fﬂ?ismVGW%Hyieéhebrﬁielé%qdwéw_ $tFig camddgsrsoxi mal
end of Iancing %ﬁrm&]raevet@frwlest@s%f@dpognﬂ,npﬁqecg]g?ﬁgg@uayg%am&{nﬁ@&h 24

wherein the connector forns a fill" channel 21 exte e proxi mal
end of |ancing eidncenttstriys. dihg purposp obRéakad2 ie talfacilitae thastip ondirgd aament 24 to
a wor ki ng el ectrod r 100. .The netho I ncl udi ng

36.0 rstre further
the steps of i ndgrbrRg” Ok ThnBiontirSbEing e B8 BREeY oAb Lt A of on
inserting the sepplydiiom tied erip isbedt doveniard tah@ heck¥fatilieatéstngingrat and
mai ntai ning the posjtion of  the i_ng el enent 22 and the separation
element 24 in tﬁ’@gn?dnlﬁ’f’%t}% %ﬂ‘?cé_k‘gllggéc?%(ﬁ”“g‘ﬂ’é’f’ s 1°y12ﬂ"8!“'(§§?5§w38r awn
into a gap 42 bebia&ito b enakk wits Wetkifs SERPSdeh AMNAsubRMgs@bduate. € ement 24
The met hod further corrprlsmc? the step of drawing the bodily fluids from

?

gap 42 intd0829| chadmamethod ofjanming in Jcaprdancesvidvis prasentéavantionclonctance
et e, B PSR e R d i R bd AL
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 blood or other bodily fluids are drawn into a gap 42 between the
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~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 bel ow the
~skin wound, or even if the tip lies horizontally offset fromthe wound,
where the | ance acts as a conduit for the bodily fluids. [00311 A sensor

strip 100 constructed according to the present invention is nore _easily by
manuf act ur ed t haANAP&TIGRER ﬂfﬂﬂﬁﬁl’mg%@f’m%&i“p. hepegthod firthepcomprising

manufact ured by, p,d Qbp BKEIWE thé Bb&H s mhﬂgagmz_iﬁfmﬂ%@mel #f, cheni cal
et ching, or even sinple machi ning. Il'e the Capillary torce of an open
channel nd00¥Y weakek lanbahS eorstmpled dtbhasoniapsewith biwrpredent irlventvmaisness can
be overcone with the e .of, for example, .hydrophilic. surfgce treatnments
or surfactant cd’&f’?fﬂ%‘g%ﬁie KL ihg greples Hl-ogd’,ey“éccBBE%{%fecé‘P"ﬁ ﬁée"(‘fﬁgﬁ"%al
Co., St. Louis, sbBion, ARTKeeRhse tﬁrnpn@éwﬂuqyp@éf&gsﬂﬁ@.IMi?w&nsM&cﬁon

Pat erson, New Jersey;, JBR-515, a product of Jeneil Biosurfactant Conpany
of Saukville, Wofttundesign bettgr Mpswiss St bedipt duideenterghe Sl ghanmed @hiregardleys. | St .
Louis, M. [003 i : | NGO L h resent

I nventi on may ?&ft\t}é t?e?%'?gég%tt{pragﬁsggrr %ﬁg@%ﬁﬁgoﬁﬁghﬁéﬁéﬁ? t%?/@%sfi on
descri bed her ei mofiz@talht affset fromcthe stound, vetierathe damee mrts lag alconduif forkhechannel
21 that woul d prev nh fluid from noving through the fill channel 21 and
onto the measur ) &% Wth a closed channel capillary, the inlet nust
be positiongghiyr desioQasbristif M Eshsiridbd Alcordifg Rthe pRREGU TN AT oh [l €€l ¥
entering the capillary during transfer into the neasurenent area. Thus, in
a cl osed channeleasilydyangnufsctynag than| aglosed chayyiel seaprrctiip oSwdhosyripaythe  wound
or even inside i I ﬁgy ' -ed- ar. ARPE oW t n channel
of a sensor strinrﬁ)am eascﬁl\géne ’if%%gg@;%%%o\% (ﬁ&?ﬁ’e prggs/gel%{]oriéri:l\g/g]g I on,
however, the i nleehirgpot dven shupie elachmingh Vhidsihe icapitiarydfotretaf aniopyn changel t o
the source of the . blood. 12 [00331 Another advantage of a strip in
accordance with "?Wé’cﬁ'f‘?@g@}fﬁm %9%‘?}??’8 °°F°ﬁ5‘ﬁ fhﬁ"ﬂ“a é‘ﬁ%’&ﬂgﬂcsé ﬁﬁ?\h%g"?rg‘”f‘%at
such a strip haswiihthe GRUECIor ¥xdrhplB Ohydiréphilds Geface M@dthBits O sirfabicsht thathgt he
mnimumrequired to fill and initiate transfer into the neasurenent pad.

One enbodi nent  d#cludieg: Jrvesni$0. 2 ARndney of Figma Chemical fre-» St. Louis, Mo.; Aerosol
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 entening 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.

12



~volunme required to fill the | ance such that the colum of fluid reaches the
"nmeasurenent pad is approxi matety 230 nL. However, l|ancing nay produce
guantities which are greater than 230nL. Because of the open channel form
"in the present invention, the excess blood that.is presented to the |ance
‘will continue to accunulate along the |Iance channel, formng a bul ging
drop of blood. This property is useful in that it clears away excess bl ood
from the ski0833] eavi ninathexadvapiage of-aEp i agrerdancrowith thepreseat inyentiont age of

t he open channel. ' i - da ' 1N i s that a
drop of fluid Calgﬁ@éing%&c{bggﬁ{i%&gﬁgﬁgtgg% gtpﬁgaﬂolgl%?g }tgg?\gg@htaﬁ%ﬁeﬁsust at
the tip of the |wshame of fleid than the atioha cdgmived ko filhand initiate trah<Féd ifdtthe ar ea

where fluid nmust be presented. to be drawn jnto the capillary. Mnual
appl i cation of W%H&We@ﬁ?afgeo?%%[ﬂ'?‘?dgﬂewmf‘t PGPS P VEBRILthe YA t o t hat

has been | anced,Gigardfufed to il lajtdisiieh thab a8 of faid Rk ARAH | 1

accordance with the priesent invention, provides the option si de'
filling increaseasedshementpadisa@ppriosimately[26038.1 Howeyne lawihhgdinappiodafe t he

present invention, the st.anmped t ngyctive .substrate 12 coul d al so
serve as a wor kif§"¥ °sc"?5lﬂ?i€g‘? %ﬁ%ﬂ’%’g@&’; %ﬁ?‘&ﬁé’@?&é’&?c ?““fﬁ@“?ﬁ% e
netal design usqfededt nREntRICERRKcdsH BRIBHItRA id Sreédited ta tlie 1ahddaWill donBhedto?]
| ows the assenbly to be constructed with first electrical contact 10 and

second el ect r odeicgwnelatealang he lange.chanpel, raing? bylgingglron of blyed. sThis eat | y
o ! _ e _
simpiitres the @%&fﬁ?&ﬁl i @hat %w&aﬁagéﬁsés 1634 ffo @ém&qsa%}@g% i cal

conductive sub conprises a solid conductor allowng e
contact to be ad¢anid lasdvedtoinrdom both the top and bottom side of conductive

substrate erein,_the top. side, of conductive.substrate 12 .is. on the
sane side A00aditong canafe sl ik o Fhiine iiis gt fine
conducti ve substgrédeit inSertibntif that 20@pDf €RidPEan Yetlppli@Meehe$iae bf M @andd. 13
[0036] On a conventional,li/rg‘(':*ons_truct ed el ectrochenjcal strips using a

facing el ect r odatheythamipshatibe pet be fnch (i ik Algsetehapag] dhess s distiret r odes
are printed or sabnkj Qﬂgmdﬂumegmeﬁte&tm&uaﬁtiﬁta&ﬁecabnﬁrﬁﬁﬁ}.@ca'
0 pp p naki

contacts nust be positione n osites sides of the str ng the
met er contacts mpphcatiomolf blood infightdfegequired 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 6ption 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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. electrode 37 was printed or applied onto an insulating substrate,
»conductive substrate 12 would be insulated on the top side preventing

el ectrical connection to be established fromthe top side. It could be

possi ble to establish electrical connection fromthe top side if there was

-a partial renmoval of insulation from conductive substrate 12, however,

this woul d add additional conplexity to the manufacturing of the strip.

[0037] Fi naliP36] becaudma streventiomtlyl cohstrmniterbelectrochamidahgripsusingi AgtRssi ve

die stanping, in trip designed in . accqrdance with the present invention
W th T narvi dual SHeRES BB mRR G R ST B el ronce clsoUSE PO BT ¢ 1o
construct an arappNedbntb & insBRARH ETbsiale) tH HchHal cot NI RIhst tﬁef ;tﬁfsﬁi%ﬁsdI; us
requiring just one contact. [0038] It will be recognized that equi val ent

structures ray SPpeasitss sidesieftiic sEip majing thermetensasthcts morstqompdek. dfidfereseer | bed

herei n and t hat | ' t of he_Jnvention is.not the only
structure which e%g%%%#ﬂ?ﬁ%%%%ﬁ%ﬂ%ﬁ@ﬁgon {ti‘l rdating substcate; qapductive, )

addi tion, it shaeubstrakel2moed b anmlitbdion teaby sidé prevbnting clé@E64ichRiicalipiwe has
a function and such structure can he referred to_as a neans foraferforrri ng

that function. [Po6eblished fromthefon sider Kepuldibswrssiblefo esteblishelestrical nvent i on

have been shown .,a0d:iGeReH gq)?tg%tejfrﬂ,l k {0 | . - skilled
in the art that c':s}uchl enbo |hme ts are eﬁ%o%?ﬁ“‘%&%&%ﬁ@é@% gé%r]ll y.
Nunmer ous vari at combuctive fithstyate 12 abmivemenshistwouildad additionabromplexity toahd hose

skilled in the art wthout . departing fromthe invention. [0040] It should
be under st ood tH&”f’“tA?Aﬁ Sgé)féqetsgrl’%atives to the enbodi nents of the

i nvention @@0371i bed [Fafatly/betayseRhedt Mdtalyfotming ciii BEdbre /G progrebsivecdit i on. |t
is intended that the follow ng clains define the scope of the invention
and that met hod&MRHE. ¥t 3 HEP deHigned PAcrordpee Jlibe presemdayention i and t hei r

equi val ents be jfMehfdardcBesied ddethdrYENTES, i 0l bebS&iIO AP c b %h

1ladhesi ve | ayer ) ]
array of test sensors with a single, common reference thus requiring just one

contact.

[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 a 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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12Conducti ve substrate 13vent hol e 15Lance 172 el ectrode contact

18i nsul ati ng substrate 37reference el ectrode 20i nsul ating | ayer 21fil
channel 22| anci ng el enent 23Regi stration hol e 24Separati on el enent 31l ndex
hol e 32Neck 33Cont act hol e 36Worki ng el ectrode 38Sharp ned tip 40Separation
"tip 42Ga 100sensor strip 15 CLAIMS WHAT IS CLAIMED IS: 1. A nethod of

| ancing skin conprising the steps of: providing a | ance conprising: a

| anci ng el emrent PEEMENNES first sharpened end point; a separation el enent

having a second end point positioned adjacent said |ancing elenent; a

connect or, reeRRetR—a—Praxral—pert+en—oef—said first lancing el enent to a
O i50ef
proxi mal pag« oA UbdSE d said connector formng a

channel ; i r_s_gu_ﬂﬂgacmﬁsr"’q el n0-9| enent to fdrm an incision;

12 Conductive substrate
13| vent hole
15/ Lance
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
31|index hole
32|Neck
33|Contact hole
36|Working electrode
38/Sharpened tip
40|Separation tip
42|Gap
100|sensor strip
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.inserting said separation elenent to further open said incision and

mai ntaining said |ancing el enents and said separation elenent in said
incision while bodily fluids drawn into a space between said | ancing
.elenments. 2. A nethod of lancing skin in accordance with Claim1, further
conprising the step of drawing said bodily fluids from said space into

said channel. 3. A nmethod of | ancing %@P&E nprising the steps of
providing a |lance conprising: a |anci nt having a first sharpened

end point; a separation el enment havi ng a second 'end poi nt positioned

adj acent saj a1 g6, haent; a connector, connecting a proxinal portion
of said first lancing elenent to a proxinmal portion of said separation

el enent, said connector formng a channel; a sensor strip attached to a

proxi mal portion, Qinﬁ:ﬂio@df%ﬂ@@tskincomﬁ}i%ﬁfgtth@gte?@bﬁ l'ancing el ement to form
an incision; |nsert¢mgﬁamhd separ.ation el enent to further open said

i nci si on and naPRT §5P Tlﬂﬂ%l ng el enents and said separation el enent
in said incision; alaavnggleedi bayvirig aficks shanpemed end poimt;pet ween sai d | anci ng

el ements. 4. A net an% 'Hgnggiq | ce with C.aim3,., further
conprising the st%p 0 b g@ﬁ%g sai &%Oﬁf&@ngﬁngpmﬁgggb ghﬁ@% into
sai d channel . 5. Aangpg mSPt | ancing skin in accordance with C aim4,

further conprising édiectst, e@nﬂe&nsg@ dﬂnﬂ%ﬁl&f)&hslaiﬂifulsmaﬂﬁn ERAeAfh%

channel into said ensor 0 anci ng n conpr n
channel 1nto sal d et poah Ll sl ot S oo g b o 19

first sharpened erbapmlnt; a separation el ement having a second end poi nt

posi tioned adj agRBking3hid Iadcﬁ%célélﬂenﬁltgﬁﬁmansxﬂg ohhat a space between said

| anci ng el enent . and, sanﬂ separatlon e nent orhs a gap, said gap
increasing in siBertiseSaifd feparatipnelgment o Bathar opss: said ineisioaand maintainmect i ng a
proxi mal porti ossidiansing@idnensst andasaid separefie@eineittindaid incision while bodily

fluids drawn into a space between said lancing elements.
2. A method of lancing skin in accordance with Claim 1, further comprising the
step of drawing said bodily fluids from said space into said channel.
3. A method of lancing skin comprising the steps of:
providing a lance comprising:
a lancing element having a first sharpened end point;
a separation element having a second end point positioned adjacent said
lancing element; |
a connector, connecting a proximal portion of said first lancing element to a
proximal portion of said separation element, said connector forming a
channel;
a sensor strip attached to a proximal portion of said connector;
inserting said lancing element to form an incision;
inserting said separation element to further open said incision and maintaining
said lancing elements and said separation element in said incision;
drawing bodily fluids into a space between said lancing elements.
4. A method of lancing skin in accordance with Claim 3, further comprising the
step of drawing said bodily fluids from said space into said channel.
5. A method of lancing skin in accordance with Claim 4, further comprising the
step of drawing said bodily fluids from said channel into said sensor strip.
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. proxi mal portion of said separation elenment, said connector formng a
channel ; a sensor strip attached to a proximal portion of said connector;
~inserting said lancing elenment to forman incision; inserting said
separation elenent to further open said incision and maintaining said
| anci ng el enents and said separation elenent in said incision; draw ng
bodily fluids into a space between said_|ancing elenments. 7. A nmethod of
| anci ng skin in Gchmed lopcing siimcomprisirgithelsieps ebnpri sing the step of
drawi ng sai d bodjrbvidingy l6ksceldogipristigel gap into said channel. 8. A method of
| ancing skin in acc?rgancievmttﬁ?d al rP 7, . further conprising the step of
drawi ng sai d bodi | § Iac{Rgslemaent havng 3 eyt shareenedgnd POty sensor strip. 9. A
met hod of | ancing skeépardtienabamnt haderg aistdondend poifit pdsitidned adjacenpsaidi ng t he
step of renoving sql.d: ' t Id.incision and draw.ng said
bodily fluids i ntg‘*‘?’é‘k%%&%?S%%%qns@%‘%ggt‘g%f‘%%iﬁgﬁéb%E’F’ﬁ’eﬁc‘i‘nangéé‘& dance
with Caim?9, furteparationplemsnhiprnge gapiseist gap ishreagsinginsidegrranial 4o shidui ds
from sai d gap intoggghdlighannel . 11. A nmethod of lancing skin in accordance

with Claim210, further conprisin t he .step of dfrawi ng said bodily fluids
fromsaid channel 3 FOBCaF. FOuRHUEE 2 groifpal ortion of sad tirkt lancing element to a

proximal portion of said separation element, said connector forming a
channel;
a sensor strip attached to a proximal portion of said connector;
inserting said lancing element to form an incision;
inserting said separation element to further open said incision and maintaining
said lancing elements and said separation element in said incision;
drawing bodily fluids into a space between said lancing elements.
7. A method of lancing skin in accordance with Claim 6, further comprising the
step of drawing said bodily fluids from said gap into said channel.
8. A method of lancing skin in accordance with Claim 7, further comprising the
step of drawing said bodily fluids from said channel into said sensor strip.
9. A method of lancing skin in accordance with Claim 6, further comprising the
step of removing said lancing element from said incision and drawing said bodily
fluids into said gap. | '
10. A method of lancing skin in accordance with Claim 9, further comprising the
step of drawing said bodily fiuids from said gap into said channel.
11. A method of lancing skin in accordance with Claim 10, further comprising
the step of drawing said bodily fluids from said channel into said sensor strip.
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