; VWAKYe3eR 6VT PHYSI OLOG CAL SAMPLE COLLECTI ON DEVI CES AND METHODS OF USI NG
THE SAME FI ELD OF THE | NVENTI ON [ 000l ] The invention rel atlmmwﬂwmnmmn'

col.l ecti on of physiol ogi cal sanples and the determ nation

concentrations therein. BACKGROUND OF THE | NVENTI ON [0002] Analyia
concentration determ nation in physiological sanples is of ever increasing
i nportance to today's society. Such assays find use in a variety of
application setti MBYSIOOGICAY SAMRLEATOLBBCTHONMEYEHS ng, hone testing,

etc., where the results ﬁiﬁs Egie [ ﬁh& rom nent role in the

di agnosi s and nanagened% ]ME% ]?§k§ﬂ3$ 'ﬁggégAgﬁ%ditions. Anal yt es of
i nterest include glucose for diabetes managenent, chol esterol for
nonitoring cardi ovascul ar conditions, and the like. In response to this

growi ng i nportance of anal yt eFIEDMOETHE BXVBNTIGNt er mi nation, a variety of
anal yte concentratjon deternination protocols and devices for both clinical
and hon90PLkt i ng RAYEVERMD Wl%ﬂ%ﬁ@&ollmtmqts nhysiglagasahs amnigs ol
concentration of an analyte in a physiol ogical sanple, a physiol ogical
sanpl e nust dédterstinigenoiftanalyéakonChttmtionhthetdie sanpl e of ten i nvol ves

cunber sone and conplicated devices which may not be easy to use or nmay be

costly to manufacture. FurBhekxsmsenp dFrespmneeeaione for obtai ning the sanple
may be E@i nful. For exanple, pain is often associated with the size of the

needl e 199823 t o obfaplyteeacemiasinn delgimamptien rplysieriqah saraplpt 1§ afEVohi ch t he
needle is inserted. Dependi ng on the anal yte and the type of test

enpl oyed, a ineteating@hpoitarcyeg teehy'glsecietye @ueh assayhPnd udeaniayagétyef used to
extract the requisite anount of sanple. [0004] The anal yte concentration
det ermi nat i OfppdicOE@SSetiiRY, Ak RAing Al cdElaBoftrl itésHES, HneStang,; ettl, fdere @

sanple is accessed by use of a skin-piercing
the results of such testing play a prominent role in the diagnosis and management
of a variety of disease conditions. Analytes of interest include glucose for
diabetes management, cholesterol for monitoring cardiovascular conditions, and
the like. In response to this growing importance of analyte concentration
determination, a variety of analyte concentration determination protocols and
devices for both clinical and home testing have been developed.

[0003] In determining the concentration of an analyte in a physiological sample, a
physiological sample must first be obtained. Obtaining the sample often involves
cumbersome and complicated devices which may not be easy to use or may be
costly to manufacture. Furthermore, the procedure for obtaining the sample may

be painful. For example, pain is often associated with the size of the needle used

to obtain the physiological sample and the depth to which the needle is inserted.
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mechanism e.g., a needle or lancet, which accessing may al so i nvolve the
use of a sanple collection mechanism e.g., a capillary tube. Next, the
sanpl e nmust then be transferred to 'a testing device, e.g., a test strip or
the-.like, and then oftentines the test strip is then transferred to a
measuring device such as a neter. Thus, the steps of accessing the sanple,
collecting the sanple, transferring the sanple to a bi osensor, and

measuri ng t hBepairling én thenslytd aidithatyps of ket &aplbled, anelatdvéignarpersimpered as
separate, consecutive steps with various device and instrunentation. [0005]

Because of ¢ heaf o REMKEIN AiGiined Iy bl WIRSRTOR B ofBRAT S who Tequire

frequent nonitoring of an analyfe to sinp econe non-conpliant in

noni tor'lq?)@ Lhemse@ées. Wth diabeti gs, f.or .exarrgl e, th? failure to nmeasure
their gl®%8ke | evéPe gnplie spacuirriAHdEegigatinaRietess May 21504BKOI¥e 2j nf or mat i on
necessary to properly control the |evel of glucose. Uncontrolled glucose

| evel s can bmulignge déﬁg@r diirst, arsampledn atdepgedibyrusaoé askig:pi¢00E6] Attenpts
have been made to conbine a | ancing-type device with various other

conponent s i fieohanidin, dl.! HReclltdrbf-c€ GitiENhdassignmdfhRb Mvedid BB upE ecedure in
order to sinplify the assay process. For exanple, U S. Patent No. 6,099, 484

di scl oses a i i Leh,Ln i iated with
ﬁ@g@b 'caﬂec@h%xhﬁ%rxmglﬁﬁ%, Qgés’;gﬁ&yaml% ngL.g ﬂﬂ@@%ﬁ@ﬁg@g&n

a spring nec ism a capillary e ociated wth a a test
strip. An LF3-232 .2 anal yzer. may al so be noun eg.in t deyice for
anal bzing tnbe GagrEcd REER AR rodirhart RuBH il Gelfellns ovar o
the skin surface by, un-cocki n1g a spring and then retracting it by another
spring. A pulisdestisinigdhendransicred e 2 mepsig dyice speh 13 peteipdhys the
communi cation with a sanple and the pusher is then rel eased and the fluid
i s transferr stdps of atcesssig the simple(@6d|nguhSsarPalectnansiorin S iI8ZemPRModi scl oses
an apparatus which includes a base having a holl ow needl e and a cover
havi ng a nmenbicaciser, whé hedayurineethd ag4tyte koncemratiomirethe oanpleaetofte@get her at a
hi nge point. Wien in a closed position, the

performed as separate, consecutive steps with various device and instrumentation.

[0005] Because of these disadvantages, it is not uncommon for patients who

require frequent monitoring of an analyte to simply become non-compliant in

monitoring themselves. With diabetics, for example, the failure to measure their

glucose level on a prescribed basis results in a lack of information necessary to

properly control the level of glucose. Uncontrolled glucose levels can be very

dangerous and even life threatening.

[0006] Attempts have been made to combine a lancing-type device with various
other components involved in the analyte concentration determination procedure
in order to simplify the assay process. For example, U.S. Patent No. 6,099,484

discloses a sampling device which includes a single needle associated with a

spring mechanism, a capillary tube associated with a pusher, and a test strip. An

LFS-232 2



needle is in comunication with the nenbrane and fluid can be drawn up

t hrough the needl e and placed on the nenbrane of the cover. (0008] There
are certain drawbacks associated with each of the above devices and

t echni ques. For exanple, the devices discloséd in the aforenentioned
patents are conpl ex, thus decreasing ease-of use and increasing

manuf acturing costs. Furthernore, as described, a single needle design may
be associ at ednalyzdr maycal salsenhopatied irbthe dasiee féreansiynyigeheemniple. nust be | arge
enough to extract the requisite sanple size. Still further, in regards to

the ~484 pat edcordifBy,2h€RngRMeadit iva@lpiRtdanfardaht Aahisigac Bleadbsc@nd then
activating and retracting a capillary tube adds still nore user interaction

I

and decrease - e, 009], . As such..there is .cantijpued i.nterest in
t he devel op nsﬁgég aﬁ({e%l%aé%tf%gggﬁr?g Wﬁﬁ&g‘g‘%% usshgrilr% e(ﬂsci)i?cgflrrﬁ nati on of
anal yte concentrations in a physiolaogical sanmple. O particular interest
woul d be t he PHER BIeSARBAYY Whe Imtosyypuried i caaavitle @ samplg anduhtaryghergs thege t her eof |
that are efficient, involve mninal pain, are sinple to LFS-232 use and
whi ch may be reisestdand theviaurid usamafeatedtte aceshstept r at i on det erm nati on systens.
However, in producing such devices the present invention places particul ar

enphasi §0007]1 Ssuey.8sBRAeNES, 300l IT0BRIIses htlhppasht@d Whidh Shdhdidtal aBe  t her eby
of fering nore cost effective and fl exi ble options, both to consuners and

manuf act ur es '}?%Wﬁog ‘ne-ggﬁ ahwgmér%v[ngwlam%éE,ﬁﬁrg@f%@tbﬁ arﬁf'd met hods

are provided piercing e skin, accessing an I ng physi ol ogi cal
sanpl e therein, and neasuring.a chajacteristijc of the physi.ol ogi cal sanple.
The. subj ect _dBYAZES CTHERIH oRher BLLRIDER BO. O Bbch Lo FORHAPEREr oi ng
el ement affixable to a test strip. The subject test strips include a
bi osensor, WHEEHE &S infrempRuniaiion viHethe pembspns aid e canbhdrapg Wepar at el y
attached to the biosensor.

through the needle and placed on the membrane of the cover.

[0008] There are certain drawbacks associated with each of the above devices and
techniques. For example, the devices disclosed in the aforementioned patents are
complex, thus decreasing ease-of-use and increasing manufacturing costs.
Furthermore, as described, a single needle design may be associated with
increased pain because the single needle must be large enough to extract the
requisite sample size. Still further, in regards to the ‘484 patent, the steps of
activating and retracting a needle and then activating and retracting a capillary
tube adds still more user interaction and decreases ease-of-use.

[0009] As such, there is continued interest in the development of new devices and
methods for use in the determination of analyte concentrations in a physiological
sample. Of particular interest would be the development of integrated devices,

and methods of use thereof, that are efficient, involve minimal pain, are simple to
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[0011] Preferred skin-piercing elenents have a space-defining configuration
in which, upon insertion into the skin, creates a space or volunme wthin
the pierced tissue. This space serves as a reservoir or pooling area within
which bodily fluid is caused to pool while the skin-piercing elenment is in
situ. A capillary channel or fluid pathway extending fromthe pooling space
to within the test strip transfers pooled fluid present within the pooling
space to theuds amglemsioli maybeaweed with veribodinaBind Sonceiteativpaleenéfatioh ng
configuration is a recess wthin a surface of the skin-piercing el enent.

Such a r eces%i’@?ﬁ{s NaGeRr CiHEP@dﬁ%: %%UEH Swléésmﬁé‘%reéé?xt i ﬁor‘??fgé’%i ments, the

space-defini conflguratlo I's alr openl ng exten nsverse to a

di mensi on of %’éle 1skl n i erci,. g& el ement .ang occypies a "i‘ﬂ‘g tﬂjgnt.i al LFS-232 4
portion of aP ﬁ‘fﬁr"(’ﬂ’p SRR ETIe prvarieg Y Hymartipctangand GSrBHEOn|  porti on
of a length dinension of the mcroneedl e. [0012] Generally, test strips

" used in connBerdbymi{Ering mave cod elfeetivsrand e dleeptinasshah ta canspmersand

i nventions may include el ectrochem cal or photonetric/colorinetric sensors.
O her types pfantfasturest ri ps may be used as well. [0013] Needl es or |ance
menbers according to the present invention nmay be affixed to test strips

nmenbers in a nunber of ways.gulhgyRyEYTHRENELTHRD directly, e.g., using
adhesive, chemical or ultrasonic welding. Alternately, mechani cal

att achn®d0yi a cl Desicha spgens andmethioks axegyotidedfop pryadg tHeGBind] Nuner ous
advant ages are presented in so-producing conpleted test strips/|ances

nmenber conbi aafebingand &MEBngThte/shldyiet sabyleitiedsin] ftd regubngaor nore subj ect
test strip devices and a nmeter for receiving a subject test strip and for

det erm ni ng @h&g@léﬁ’ﬁtc%rf kl%nﬂlﬁrsfbfloéx@a‘? séﬁﬁi@' Tﬂe%ﬁ%é& defices mcltuﬂé’ afagentration

of at |east one analyte | he sanpl e, lected by wthin the test strip's

bi osensor. MBLEQYGh, coBHCR ofinl B mmgqagrﬁal.tsagﬁpab%%ﬁ%fl Rkl 8t 1 ng and

mani pul ati ng strip

strips include a biosensor, wherein the at least one skin-piercing element is
separately attached to the biosensor.

[0011] Preferred skin-piercing elements have a space-defining configuration in
which, upon insertion into the skin, creates a space or volume within the pierced
tissue. This space serves as a reservoir or pooling area within which bodily fluid
is caused to pool while the skin-piercing element is in situ. A capillary channel or
fluid pathway extending from the pooling space to within the test strip transfers
pooled fluid present within the pooling space to the biosensor. In certain
embodiments, the space-defining configuration is a recess within a surface of the
skin-piercing element. Such a recess may have a concave configuration. In other
embodiments, the space-defining configuration is an opening which extends

transverse to a dimension of the skin-piercing element and occupies a substantial
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piercing structure is caused to pierce the skin. Additionally, the neter
may provide neans for storing one or nore subject test strips, or a
cartridge containing a plurality of such test strips. [0016] Al so provided
are nmethods for using the subject devices, as well as kits that include the
subj ect devices and/or systens for use in practicing the subject nethods.
The subject devices, systens and nethods are particularly suited for

LFS-232  coljetén 80a IR b e etetldirh aispdLasainél] ket @ibfanti s1PofieH ot £ _
concentrations therein and, nore particularly, glucose concentrations in

bl ood, bl ood ﬁé@ﬁ? &?‘ﬁhﬁ“ﬂ§9ﬁa%bid§4 fluid. The present invention further
abr

|ncludes nmet ho I'cating e subject test strip devices, in which a
m cronee ski C|n el ement, i s afflxedtoac letel/discrete test
strip unh%{)fzhhe su @ffge&el PERE PR IReoPRFgEORRYh e tedlf rdenceoneahivs
individual test strip deV|ces or a plurality of such test strip devices on
a web, film oof thtpresendineniiviedaney metusleicddciroflgn1iz]] oT phstonatre/ailommetiyj ect s,
advant ages, and features of the invention will becone apparent to those

persons skil lgdsdrfl Ofifer @jes 9PaRt s“tﬁﬂ_ﬁﬂnﬂﬂbé heeqdetvadll s of the nethods and
systens of the present invention ich are nore fully described bel ow

BRI EF PTI N edTééﬁ)r%Wr%JrQ c?c%llq]ﬁﬁmhgéretsgﬁ 11fnpénlt18}9‘nﬂg' d gures

di agra aI ly illTustrate aspects res I nvention. “Variation of

E“FS'QVSQ?LS&!% .“%vatr&f“sOrﬁmea”ﬁta{;‘%n@%ﬁw? R TR Ry et T O

connection with variations of the present. i nvention. (0020] Figures 2A and
3A are per spe®$s YEng pEResIVE: CHQHEC%]WBHW@}HCa‘@l‘h%dAltﬁ“é@bbm%WP@ t est
devices; figures 2B and 3B are perspective views of |ance nenbers to be
attached to t @bchwenti s clys kedpesi the liknthapbe lemplaygd. f ast ener s.

[0014] Numerous advantages are presented in so-producing completed test
strips/lances member combinations.

[0015] The subject systems include one or more subject test strip devices and a
meter for receiving a subject test strip and for determining a characteristic of the
sampled fluid, e.g., the concentration of at least one analyte in the sample,
collected by within the test strip’s biosensor. Moreover, such a meter may also
provide means for activating and manipulating the test strip wherein the skin-
piercing structure is caused to pierce the skin. Additionally, the meter may
provide means for storing one or more subject test strips, or a cartridge containing
a plurality of such test strips.

[0016] Also provided are methods for using the subject devices, as well as kits
that include the subject devices and/or systems for use in practicing the subject
methods. The subject devices, systems and methods are particularly suited for

{
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LFS--232 6 [0021) Figures 4A and 4B are perspective hidden-line views of
the invention as used in el ectrochem cal test devices, wherein plastic and
nmetal |ance nmenber are shown. [(@022) Figures 5A is an expl oded perspective
view of an alternate |ance configuration enploying dispersion channels;
figure 5B is a perspective view of the conponents in FIG 4A shown assenbl ed
frombelow [0023] Figure 6 is a perspective view of an alternate | ance

nenber resenbbil@gink paysibdgichGaniAe antlddBmikite REBY ctderitiitiand Metrdn of i | e

format. [0024] Figure 7 is a perspective view of yet another |ance nmenber,

(i S one PO e e RED, 92RE Sh00,AaRE: mATA HERARSGRLFT O OF THE

| NVENTION [ O escri e inventron in greater ai 7" t han

provided in the Su r. bove, colorimetric and el ectrochenjcal test strips
Sensors are PRPSHUIGELES; %B'&IP@WI‘%‘W@HO'&;@‘&%& “ﬁeéﬁ“e(‘)‘deFZ%{{?alP%%aUaﬁd the use
of exenplary conbination test strip neter and | ancing device of the present
i nvention. ThiEnsubjdettesbsinp deVinesphni which alngicransedle or sifid-pedraiog elsoteatiscal t est
strip may be provided in connection with exanples of the present invention

is set forthafffléd3o desaipldié/dRbretesteétatipud e sdbjeel fabridation neviayds ousy
alternate | ance/ needl e nenber configurations. Then, nethods of manufacture

and kit advapiagenuab i SANMBEALN0BORPROEH: Sy Bl er PEERSELpNVENt | on

are descri be ore the present invention | escr n such
detail, however, it is bo %e ug%grs ogaqﬂtha tt11i s invention is not limted
to particul adeViEPFs G 7 358 Ry ox et ot spable atenial.y g ymy  of course, vary.
Vari ous changes miﬁx be made to the invention ) i )
[0017] ese and other objects, advantages, and features of the invention will
become apparent to those persons skilled in the art upon reading the details of the
methods and systems of the present invention which are more fully described
below.
BRIEF DESCRIPTION OF THE DRAWINGS
[0018] Each of the following figures diagrammatically illustrate aspects of the
present invention. Variation of the invention from that shown in the figures is
contemplated.
[0019] Figure 1 is a perspective view of a representative meter as may be used in
connection with variations of the present invention.
[0020] Figures 2A and 3A are perspective views of the invention as used in

colorimetric test devices; figures 2B and 3B are perspective views of lance

members to be attached to test strips by adhesive and mechanical fasteners.
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descri bed and equival ents nmay be substituted wi thout departing fromthe
true spirit and scope of the invention. In addition, many nodifications my
be nmade to adapt a particular situation,material, conposition of matter,
process, process acts) or step(s), to the objective(s), spirit or scope of
the present invention. Al such nodifications are intended to be within the
scope of the clains nade herein. For exanple, description of the use of

el ect r oqob2ni cal aFiduiebaNoHEIIB Srepenpedtivepkichdiie vaéws ¢fthé sveation 4t ended to
be limting, those skilled in the art will appreciate that the subject

devi ces, sy f L r

physi cal anzasgﬁznmaggf@h%?%&eg{r??ﬁ% g’s\ylb)ﬁ‘rhgipg#ga?ggﬁ%gaﬁg%{e gﬁ%fénsb%} g& g., blood
coagul ation tine, blood cholesterol |evel, etc. [0027] Methods recited
herein may b&°%&rried out in any order of the recited events which is

| ogical ly possible, as well as the recited order of events. Furthernore,
wher e a[fiﬂ&glge of Kighige$Ai is ap ewplodeiperspeciive visWerf $pabametgdancever y -

i nterveni ng val ue, between the upper and lower limt of that range and any
ot her st at edconfighntion ¢mploying/éikp@sion chaimelssfigire dBriaagerspectrodapassed

Wi thin the invention. so, It Is contenplated that any optional feature of

the inventivige \ghbaidiis F65EA LRRe IR¥mBRATRIn hapkh and cl ai med

i ndependently, or in conbination wth any one or nore of the features

describ erein.[0028] All existi.n ubj gct ter ntioned..herein
(g RPN ca et sl RanP™ of i G TS PRk LR

i ncor porated_by reference herein ip its ?nti re % except insofar as the
subj ect mat t BRUIR}C8 8A andAB. it proviged e Q"h'@rcﬁlfl MRt FS- 232 8 invention
(in which case what is present herein shall prevail). The referenced itens

are prol03d8d sol eFigufect istaperspedivvion @f getrnother tance membet, ithigodat e of t he
present application. Nothing herein is to be construed as an adm ssi on that
t he present émplepinig@n inset 8i3pereidhizohed t o ant edate such naterial by virtue
of prior invention. [0029] Reference to a singular item includes the
possibility that there apgrRiih®EsCRIPTION OF THE INVENTION
[0025] In describing the invention in greater detail than provided in the Summary

above, colorimetric and electrochemical test strips sensors are first described,

followed by discussion of features and the use of exemplary combination test strip

meter and lancing device of the present invention. Then, the manner in which

colorimetric and electrochemical test strip may be provided in connection with

examples of the present invention is set forth. This description is followed by

disclosure of various alternate lance/needle member configurations. Then,

methods of manufacture and kits advantageously incorporating components of the

present invention are described.

[0026] Before the present invention is described in such detail, however, it is to

be understood that this invention is not limited to particular variations set forth
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of the sanme itens present. Mre specifically, as used herein and in the
appended clains, the singular forns "a," "and," "said" and "the" include
plural referents unless the context clearly dictates otherwise. It is
furt'her noted that the clainms nay be drafted.to exclude any optional

el ement. As such, this statement is intended to serve as antecedent basis
for use of such exclusive term nology as "solely,” "only" and the like in
connection w j i - ¢l aj r a."negative"
limtation. IfaanéHW,OF?@rlgfwh@?e\ggqcﬁlgt%%nrﬁ%wﬁﬁ?ar@f gt%ﬁgg‘\%at@g herein, all
techni cal and, sci.entific terns used herein haye e _sane. nmeani ng as
conmonl y undeleSEER5S 2R egwgglﬁf‘tsd?%yﬁfa?\?’sgﬁ?%dlW’lil}}?ui H@’ag‘mg ﬁr%m\aﬂilﬁ tgﬁe this

i nvention belongs. Colorinetric/Photonetric Sensor Variations [0030] In
testers i ncl URiTH@NE seene afshe invewiony Hotaddisiop) waghapdilisatigsandynheamedmngeabl y)
bi osensor, the same is provided by at least a matrix and/or a nenbrane for
recei ving a sanmphm agadialareitgstivn, eon@ns,doirpiosifies bf mattér, prdchs, pmtedsx or
menbrane) set upon a support structure. Wiere a nenbrane as well as a

matrix is pr%i(%&’stﬁ@@hﬁqﬁpbﬁfé&i\m(é)l selgﬁﬂglrs_%ﬁe/%me l36RGARAGS! kg of the

support LFS-232°9 cture upon the matrix. menbr ane advant ageously

i ncl ud f. I : 0 X.. | .
embodi ment o, PHE LI rtpe et B R B R D ot i i e ein
may not contain

conposition inpregnated therein while a matrjx may or
reagent conpdSrerynplectiesenpiionolhe pesolf eqtchgmigal g b Ari¢EsHses t i on ar ea
for the various nenbers of the signal producing system described infra, as
wel | as for ttype lesiitipsib oot ntengled to bhimmogs Hose gribedivtthprsdiled by t he
signal producing system i.e., the indicator, as well as provides a

| ocation for dppeccibed that theubject de@idel,gybtemosnd biettgdparediseful pr hduced by the

i ndi cator of the signal producing system [0032] A nenbrane provided may

conprise a magBisaRehdnbaf ot pIR)sical AHH@RHScal characteristics of biological
substances, e.g., blood coagulation time, blood cholesterol level, etc.

[0027] Methods recited herein may be carried out in any order of the recited
events which is logically possible, as well as the recited order of events.
Furthermore, where a range of values is provided, it is understood that every
intervening value, between the upper and lower limit of that range and any other
stated or intervening value in that stated range is encompassed within the
invention. Also, it is contemplated that any optional feature of the inventive
variations described may be set forth and claimed independently, or in
combination with any one or more of the features described herein.

[0028) All existing subject matter mentioned herein (e.g., publications, patents,

patent applications and hardware) is incorporated by reference herein in its

entirety except insofar as the subject matter may conflict with that of the present
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fluid flow properties and is sufficiently porous (i.e., provides sufficient
voi d space) for chem cal reactions of a signal producing systemto take

pl ace. ldeally, the nenbrane pore structure would not support red bl ood
cell flowto the surface of the nenbrane being interrogated (i.e., the
color intensity of which is a subject of the neasurenent correlated to

anal yte concentration). Any matrix provided may or may not have pores

and/ or a por Q%béxﬁlcﬁlr(%giavﬁﬁh’cafe What 4 ﬁrl%sér@hgx%fn SN @ VARR! TIRY re®dreddd@ sanpl e
application region and smaller pores at the detection regi on (0033]

Material s fron1mh|ch a e fabricat mers,
e.g. polysul foﬁ%S arﬁ(?lr?/végﬁdgsgigy i%rqﬁﬁf g@‘éloﬁl?regﬁl%gﬁgﬁf é%ﬂ%tf ,Of ghecf)r%?éﬁll i ke,
where the material nmay or may not be fincttionalized to provide for coval ent
or non- coval epligaticiec Mtethngdieraims to heiconsirusd @pan adigfssion dhad thapiesest oduci ng
system In a tester made a thin nenbrane material, the tester may require

| ess than 1 /i2vedtidoRSndBatilled to aftedabagpich nﬁa)er&mltbyazimwfdﬁpmioehmemid)mrge area
of the menbrane to obtain a good optical neasurenent. [0034] Regarding

sui t abl ejopady i ces, RafeREDR 2 Shgdhf fi&h SREILENARS phaVRiaRA 1@y atoned) f or use
in various anal yte detection assays, which matrices may differ in terms of

material s, di I i ncI ude
but are not |14 m Eaﬁﬂ%t%?ﬁ%gimd%éogs .S%%df‘wea“&&gﬁ?%ﬁ%%‘ﬁt T ERdE

4,900, 666; 4, 93S, 3 59, 394; 5, 384,,“46 623; 517%%18 42;

5,426, 032; 5, 4358 55“% oy “ag 043! 8’6181‘“‘8? NS 573, 452
5,780, 304; 5,789, 25S; S, 843, 691; 5 846, 486; 5_968 836 and S, 972, 294; the
di scl osures o#nlegsithtcontextisteedy didtatecoothomdsedt ifurtberataddbat thookihs However
configured, one or nore nenbers of a signal producing system of the

bi osensor pr ogtag be drafiet ec badiide giyatiohaliclenia@spAnsect, thid stetepteasance of

anal yte, which detectable product can be used to derive the anount of

anal yte presetendsd i @rassamed eS8 Bhes fdriisé BEseHRkE6divE REhidlddyRs. the one
or nore nenbers

“solely,

LR 1Y

only” and the like in connection with the recitation of claim elements,
or use of a “negative” limitation. Finally, it is noted that unless defined otherwise
herein, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this invention
belongs.

Colorimetric/Photometric Sensor Variations

[0030] In testers including colorimetric or photometric (herein used
interchangeably) biosensor, the same is provided by at least a matrix and/or a
membrane for receiving a sample and a reagent composition (set within the matnx
or membrane) set upon a support structure. Where a membrane as well as a

matrix is provided, the membrane will generally be placed opposite of the support
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of the signal producing systemare preferably associated wth (e.g.,
covalntly or non-covalently attached to) at |least a portion of (i. e., the
detection region) the matrix or nenbrane, and in many enbodi ments to
substantially all of the sane. [0036] The si‘gnal producing system nmay
conprise an anal yte oxidation signal producing system By anal yte oxidation
signal producing system it is neant that in generating the detectable

si gnal from sthictite tihen thaahattie Aanemhtanatdwmtigeotdie irchriek epérturekesd ved, t he
analyte is oxidized by a suitable enzyne to produce an oxidized formof the
anal yte and gor&0for 88RPRALAGs Or proportional amount of LFS-232 11 hydrogen
peroxi de. The hydrogen perOX|de is then enployed, in turn, to generate the

det ect pr oduc from r e indicator er.e the anount
et oct ST 0uch b RILANe RLIT0S ISk SRSE.C TGS, Bg R arour
signal, is then related to the anount of apalyte.in the initial sanple As
such, the an®RSanECHRPREIHIMMEGIG] hersHLWN e 2 AR LY OF E5&mot FpnteiRe subj ect
test strips are also correctly characterized as hydrogen peroxi de based

si gnal produckgot sgrapesison. [ O8&Y {hehyatrio peefepbhopoddebadeebsiograata for oduci ng
systens include an enzyne that oxidizes the analyte and produces a

correspondi Nge FFRGIY merhbéry GF BRaNREp LR g s‘t{»‘h&hed&}énb‘é?lfﬁﬁfépﬁﬂﬂémﬁb amount is
meant that the amount of hydrogen peroxidé th i s produced is proportional

??réPeeﬁZEﬁQf°ﬁ§%é§2’3%¥%°%ﬁé% Bl el RBrRRe r%d“%r ERE K BAIE O coyea

but is general xi.dase or dro ase first enzyne may
bo: gf ucose DRilnag- arE a@ﬁésavﬁﬁﬁ’ SEEEH tocaites o7 e dsfieiph bt he
dehydrogenase elther usi ng NAD or PQQ as cofactor; chol esterol oxidase
(wher e the ahglityabeorpingan @ép@dapf)dbhﬁ@@h@?mewﬂagélgpalmeqh@mgﬁs@ﬁal yte is

al cohol); Iactate oxi dase (where the analyte is lactate) and the |ike.
O her obOK)aR]zi ng eAayembrahe praysiedwnayhcdniymse aameimbrane thageeiibyitesquebud nt er est
are known to those skilled in the art and may al so be enployed. In those
preferred emediff®nbdperties and is sufficiently porous (i.e., provides sufficient void

space) for chemical reactions of a signal producing system to take place. Ideally,

the membrane pore structure would not support red blood cell flow to the surface

of the membrane being interrogated (i.e., the color intensity of which is a subject

of the measurement correlated to analyte concentration). Any matrix provided

may or may not have pores and/or a porosity gradient, e.g. with larger pores near

or at the sample application region and smaller pores at the detection region.

[0033] Materials from which a membrane may be fabricated vary, include
polymers, e.g. polysulfone, polyamides, cellulose or absorbent paper, and the like,
where the material may or may not be functionalized to provide for covalent or

non-covalent attachment of the various members of the signal producing system.

In a tester made a thin membrane material, the tester may require less than 1/2 pl
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where the reagent test strip is designed for the detection of glucose
concentration, the first enzyne is glucose oxi dase. The glucose oxi dase may
be obtai ned fromany conveni ent source (e.g. a naturally occurring source
such as Aspergillus niger or Penicillum or reconbinantly produced).

LFS- 232 12 [ 0038] The second enzyne of such a signal producing systemis
an enzyne that catal yzes the conversion of one or nore indicator conpounds

into a det ectbhglProoderct sufficibingy RfRseacs thé nitybrageas obeinxdsl where the
anount of detectable product that is produced by this reaction is

proportional ;101 he,  of hydrogen peroxide that is present. This
second enzy i's generally a peroxidase, where suitabl e peroxi dases

i ncl ude; seradij,sh peroxidase (HRP), soy peroxi dase, recojnbinantly

pr oduceﬂmggi oxi dagég% H‘gsg%%ﬂ%ﬂai"‘%ﬁaﬁ ’?}ﬁ%g/eﬁé’?id IHEAEE daYS V&Pact i vity and
the like. See, e.g., Y. G, F. Wang; Analytica Chimca Acta, 233 ( 1990),
299-302. [ 00@®Meldpedifermussrin yampusiandlyter detenton aeedss, prioch teticas maprdeffer-abl y
ones that are either formed or deconposed by the hydrogen peroxide in the

presence of {mhempestmbdase, dihepsiotdians tBe likadiiead pradystativamaaisor bs | i ght
in a predeterm ned wavel ength range. Preferably the indicator dye absorbs

strongly at ﬁmme&%gés Hotqirﬁiftﬁrts%%%]erd%@hﬁ%tin?.?.V‘Mt&ﬁ detaﬁ 4?@&% ?5 ?Lrt he

testing reagent absor stron e oxidize ormo ein may be

Change i n' corbpouPorha ke soctes bk Sinfne AR T ANEL T e

testing reagent can indicate the presence of glucose in a sanple by a

col ored ar easBasAgont 8k b 361630401 SRAAESHA 1349 & 308M6h D480 Mea

devel opi ng col or. [0040] Indicator conmpounds that are useful in the present
i nvention i n&J788.25b0%,B416%L; Sai46,48605,003BdM emd 5.0M2.8Hbdendisclesiyst ¢fat es.

One- conponent systens include aromati c am nes, aromatic al cohols, azines,
and benzi di nesijchsdi€ her@i incorporated by reference.

[0035] However configured, one or more members of a signal producing system
of the biosensor produce a detectable product in response to the presence of
analyte, which detectable product can be used to derive the amount of analyte
present in the assayed sample. In the subject test strips, the one or more members
of the signal producing system are preferably associated with (e.g., covalently or
non-covalently attached to) at least a portion of (i.e., the detection region) the
matrix or membrane, and in many embodiments to substantially all of the same.

[0036] The signal producing system may comprise an analyte oxidation signal
producing system. By analyte oxidation signal producing system, it is meant that
in generating the detectable signal from which the analyte concentration in the
sample is derived, the analyte is oxidized by a suitable enzyme to produce an

oxidized form of the analyte and a corresponding or proportional amount of
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LFS- 232 13 tetramet hyl benzi di ne-HCl1. Suitabl e two-conponent systens

i ncl ude those in which one conponent is MBTH, an MBTH derivative (see e.g.,
those disclosed in U S. Patent Application S/ N 08/302,575), or

4-am noanti pyrine and the other conponent is‘an aromatic am ne, aronmatic

al cohol , conjugated am ne, conjugated al cohol or aromatic or aliphatic

al dehyde. Exenpl ary two-conponent systens are 3-nethyl -2-benzot hi azol i none

hydr azone hydrydolgen peeideMIHelhydmgen pedxietihithdn dinpbdyed) iarumdivegenerate aci d
(DVAB) ; MBTH conbi ned with 3,5-dichloro-2 hydroxybenzene-sul fonic acid

(DCHBS) ;  and (Be aBbhNdIe frdiReZRsMi g ok iﬂb@é\%t&ﬁ%%ﬁﬁ@%?%é@ & amount
benzenesul f onat e nonosodi um ( MBTHSB) conbi ned with 8-anilino-1 naphthal ene

sul fonie acid rum (ANS) . | rt,ai n_enmbodi nents,. t he e .coypl e
veTHSB, Ans. | PfIPeE ap RO b aAed BY LR SRl PREEE Funbl P B e 1
sensors that may be used in the present invention, signal producing systens
that form a fiherbietadedstiqrtheiamannt.of apalijtedn tea inftisd sameplec AaisRe. Msanayteor escent
substance, e.g. in a fluorescent background) nay be enpl oyed, such as those

descri bed i n dtidati®hisigziali redycinpsyskeen sGhrksenainNbevsil) e tesg stnips aeutdst r at es f or
Hor seradi sh Peroxi dase: rapid and sensitive assay for hydrogen peroxide and

the Per oxi das@refiipénardctetzeBa®BH@BLET potokili® 8 ed k0Ral ﬁﬁau&i%%sys@fﬁdml es of

such colorimetric reagent test strips suitable for use wi t he subj ect
rvent ] SRS U1e ARRSERSGIUDRL Nl Sro BB AL S 48508 i 755, 452
descri bed abdbdoxfieetint e RO BRAUER TP EEGlE droiet EEEFBRREH cal
sensor. Typically, an el ectrochem cal )

peroxide, where by corresponding amount is meant that the amount of hydrogen

peroxide that is produced is proportional to the amount of analyte present in the

sample. The specific nature of this first enzyme necessarily depends on the nature

of the analyte being assayed but is generally an oxidase or dehydrogenase. As

such, the first enzyme may be: glucose oxidase (where the analyte is glucose), or

glucose dehydrogenase either using NAD or PQQ as cofactor; cholesterol oxidase

(where the analyte is cholesterol); alcohol oxidase (where the analyte is alcohol);

lactate oxidase (where the analyte is lactate) and the like. Other oxidizing

enzymes for use with these and other analytes of interest are known to those

skilled in the art and may also be employed. In those preferred embodiments

where the reagent test strip is designed for the detection of glucose concentration,

the first enzyme is glucose oxidase. The glucose oxidase may be obtained from

any convenient source (e.g. a naturally occurring source such as Aspergillus niger

or Penicillum, or recombinantly produced).
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sensor conprises at |least a pair of opposing el ectrodes, although

el ectrochem cal test strips with planar electrodes may be used in the
present invention. [0043] Were opposing-el ectrode type strips are

enpl oyed, at |east the surfaces of electrodes facing each other are
conprised of a conductive |layer such as a netal, where netals of interest

i nclude palladium gold, platinum silver, iridium stainless steel and the
li ke as g@sn as CambeBcdnd@RSNAAE b ichar l?ﬂ%&hciﬁ@@ydté?ﬁ’isuéﬁéiﬁpﬁﬂtﬁdtn_ oxi de.
[ 0044] e conductive layer 1s preferably fornmed by sputtering a thin |ayer
of gold (Au) [ . i -1 ki J Pd) .
Alternately,C%%B&g$%@$93§%§8ﬁg§B%%&?g?%% E@oég%ﬁgﬁﬂg%?ﬁ%%§§£§H%%Iected
conductive pattern, |ncluding_conductive |eads, with a carbon aor netal ink
on the backi ﬁ@odéle?méh%gr_eswe%mf@mgﬁwerpwa%I?qrﬁ e|agjraipt %t?féabd?i nted on
top of this conductive |ayer which exposes a precisely defined pattern of

el ectrodes. powknetthaf ispneticediby diis nheptosi is porpovtionabiedhe einvent afyer s, t he
surface may be subsequently treated with a hydrophilic agent to facilitate
transport of hadfdgkh PerdaimeltgatiinpRsdnh e Thig d86donaRnZ@neistdeaealPatperaidasbependi ng
on the voltage sequence applied to the cell, one electrode may serve as a

counter/refe t : [ : ' ctrode of the
el ectrochem gg{é Pegseul?t{a.sﬁl%aﬁ(\?%%ggm @r%g'q;ad?%gﬁ(gﬁeﬁ %ﬁ’f‘ggeyegjg@g’?g?LFs- 232 15
waveformis enployed, each el ectrode . acts.as a coupter/reference and
wor ki ng el ec PO P DRTafiFed PagRIdR: ik DBt AP EHREANIE [ 0045)
Regar dl ess of reaction zone or electrode configuration, a reagent coating
i s typicallypgradagixe acthatyednd thebilsgy ebie, 6gs tYe b, oW ang dmabttice (himiga| v

i ncl ude an enzynme and a redox active conponent (nediator). The redox
conponent of Adis 28340, 299-3si ti on, when present, is made up of one or
nore redox agents. A variety of different redox agents (i. e., nediators)

are knoygo3on the andic&btlcdrhigdunder chRpbirlproviéed HbpriEbble odkhdstiehat e,
phenazi ne net hosul f ate, pheyl enedi am ne,
either formed or decomposed by the hydrogen peroxide in the presence of the
peroxidase to produce an indicator dye that absorbs light in a predetermined
wavelength range. Preferably the indicator dye absorbs strongly at a wavelength
different from that at which the sample or the testing reagent absorbs strongly.
The oxidized form of the indicator may be a colored, faintly-colored, or colorless
final product that evidences a change in color of the testing side of the membrane.
That is to say, the testing reagent can indicate the presence of glucose in a sample
by a colored area being bleached or, alternatively, by a colorless area developing
color.
[0040] Indicator compounds that are useful in the present invention include both

one- and two-component chromogenic substrates. One-component systems

include aromatic amines, aromatic alcohols, azines, and benzidines, such as
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1- met hoxy- phenazi ne net hosul fate, 2,6-di nethyl -1, 4-benzoqui none, 2,5

di chl oro-1, 4- benzoqui none, ferrocene derivatives, osm um bi pyri dyl

conpl exes, ruthenium conpl exes, and the like. In many enbodi nents, the
redox active conmponent of particular interest is ferricyanide, and the

| i ke. The enzynme of choice may vary dependi ng on the anal yte concentration
which is to be neasured. For exanple, suitable enzynes for the assay of

gl ucose i n wattagrebhyd benzidiakdtiel. Juuelas éwoscotpererdsydehy thelnge tlasse if NAD or PQQ
based). Suitable enzynes for the assay of cholesterol in whole blood

i nclude chol esi@r &le @¥idasR iIAMB B AABTH 189461 @ebely, tiRAgANcosthal may be
present in the reaction area incl ude bufferi ng agents (e.g., citraconate,

CLirate. s R bRy RO PR BRRIR e P ) v e

(e.g., Triton, thol Tet roni.c, Sllmet .Zony| , Aer.osol, Geropon, Chaps and
Pl uronic): aROMEPREST IS 3 Hemakeande Fogatic alcsh% FON] agAGdATRINE {GOBRIgR

manni tol and | actose). LFS-232 16 (0047] Exanpl es of el ectrochem cal

bi osensors salcobdll @ af@maticse aliphétic Héehsadb) Estmplavetntd-amponehigyetenisase
described in co-pending U S. Application Serial Nos. 09/333, 793;

09/ 497, 304; 0%h&AYL-2685z0NbAIok By BREbr@ Yy dBhlorit6 (MBTEN)doswhesunes Of

which are herein incorporated by reference. Test Strip Systens and Use

(0048] As m@tdl%gﬁ(‘lzﬁl\?\ﬁ nzbid€ic I yg??)r)ud@ﬁ §orﬂﬁ1¥1€<§)€€lltﬂ%e5ddfbﬁlotr@- -context

of a subj ect syst gener syst em capa obt ai ni ng

el ot mi ni g A oaﬁ%ﬁﬁé‘uﬂfoﬁfgmﬁm BaEEElpTcki 8 Al car 1y oy

an aut omat ed deV|ce % er. The subject stem.is nnreﬁgartlcularly
descri bed heh¥fizeng Iﬂﬁé e@ﬂﬂtbése%enswh&)ﬁﬁﬁﬁﬁ@ﬂ%@%@rﬁ%@%@ eraplingsd WAty on

However, kits or systens according to the present invention include at
| east one sulBjangling-bsaphthalene sulfonic acid ammonium (ANS). In certain

embodiments, the dye couple MBTHSB-ANS is preferred.

[0041] In yet other embodiments of colorimetric sensors that may be used in the
present invention, signal producing systems that form a fluorescent detectable
product (or detectable non- fluorescent substance, e.g. in a fluorescent
background) may be employed, such as those described in Kiyoshi Zaitsu,
Yosuke Ohkura, New fluorogenic substrates for Horseradish Peroxidase: rapid
and sensitive assay for hydrogen peroxide and the Peroxidase, Analytical
Biochemistry (1980) 109, 109-113. Examples of such colorimetric reagent test
strips suitable for use with the subject invention include those described in U.S.

Patent Nos. 5,563,042; 5,753,452; 5,789,255, herein incorporated by reference.
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strip device 2, oftentines a plurality of test strip devices, where the at

| east one test strip device conprises at |east on skin-piercing el enment 4.
The kits may also include a reusable or disposable neter 6 that nmay be used
Wi t-h di sposable tests strip devices. Further, test strip kits may include a
control solution or standard (e.g., a glucose control solution that
contains a standardi zed concentration of glucose). A kit may al so include

i nst ruct i onsElesiroghennealiSensor Mariaiensaccording to the invention in the

determ nati on of an anal yte concentration in a physiol ogi cal sanple. These
i nstrucfiiod2s may hetqadeseasing arolmiendric saser afdesaiticdiabeve|, f)e, pregspakagi ng, a

| abel insert or the like associated with the subject test strips. LFS 232
17 j0049] Mhemich RhyeRl {pl&yYan(glectn%%lﬁelﬁitcﬁl' é%n?&VrISrﬁMFl% aare%\etra@f%mlwey may be
col l ectively packaged w cartridge, which e reusab e or

di sposable. Certain o e.var t test, strip
devi ces, (e.FT% qomqsggﬂéﬁ?séglpagﬁg%mosw %F‘itl}?@ﬁ t[ﬁ?‘l’:%]te CltrPFIbGIWQ% ces).
These various test strip devices may contain the sanme or different

reagent s. [OU§U$“Pé§HP@E gelggtradsa miythgrised i thparesgidnventieht conponents of
any systens according to the present invention, the subject test strip

devi ces{[00d3het her Veiare bpmshentl ecdtode ¢yl ecatiipeedre iempbaryed;tahﬁaswmé eyrfacas e
preferably configured and adapted to be inserted into the meter. Mre

speci fical | yof @8ctidded $idid & iothelhfe domprRed ofd EdrdueNd I6ferdublpgs & first end
8 and a second end 10, wherein the skin-piercing or IanC|ng bl ade or needl e

4 t

colnfsl 33?23' ?%n%%l&%%}'??%e@% ﬂtﬁfglgeﬁgstterq%& %agg@ﬁn %/@% égG pre eré%r?dlhﬁés an
ergonom cal | e avin rren on t to be
co(F:]nc ortably K%’I“E‘issgg% ﬂﬂﬁl 53? g‘? 9\#?#% gﬂﬁusanS?i%r Ayt r?‘% H%V‘\Htl)%n made of a
nmetal, plastic or other suitable nmaterial, preferably one that is |ight

wei ght but sAPREALEPNIAG durabl e. The di st al portion 14 of the housing

provi des an aperture 16 through which test strip device 2 is advanced
[0044] One conductive layer is preferably formed by sputtering a thin layer of

gold (Au), the other by sputtering a thin layer of palladium (Pd). Alternately, the
electrodes may be formed by screen printing a selected conductive pattern,
including conductive leads, with a carbon or metal ink on the backing surfaces.
An additional insulating layer may be printed on top of this conductive layer
which exposes a precisely defined pattern of electrodes. However formed, after
deposition of conductive layers, the surface may be subsequently treated with a
hydrophilic agent to facilitate transport of a fluid sample into the reaction zone
there between. Depending on the voltage sequence applied to the cell, one
electrode may serve as a counter/reference electrode and the other as the working

electrode of the electrochemical cell. However, where a double pulse voltage
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froma retracted position within neter 6 to an extended position wherein at
| east a portion of the test strip mcroneedl e/l ancet 4 extends a distance
outside aperture 16. [0052] Distal portion 14 further defines a chanber in
whith test strip device 2 is received within a test strip receiving

mechani sm 18. Test strip device 2 may be LFS-232 18 inserted into neter 6
by renoving distal housing portion 14 from housing 12 and inserting test
strip devi cewdvefbim id @splogéd, iepch deciode agts e alcamtereiBenchlahémeakingel y, test
strip device 2 may be inserted into neter 6 and received into nechani sm 18

Vi a apertur eqbhyodd QbR LR cknee gfrm DRUSIAGPOT ti on 14 s

transparent or sem -transp ren owt e user to V|sually confirm

pr oper ement _bet ween test. stri vice, 2 apd receivin rea 18 prior
Lo condlNPrhg t heRRA fte Fishunl o eESie oS ierhE “1eaC 08 e e
test site and to visually confirmthe filling of strip 2 with body fluid
during the ab&®igpll y@gp@é@%qhwm fResigewtrsysiame of engesidynisathonclydosn ded to

di scern the sane) . Wien test strip device 2 is properly seated within
receiving msethmiesandja&,eddmecthzieccsmpsmntmb@iatoe)stT Istiedx chenvporenofaper ati vel y
engages with the neter's testing conmponents. In the case of el ectrochem cal

test strip eE@A@&&t@%ﬂ%p%mtxbﬂewﬁén%‘rtegeﬁfj%m%e HPef HleQTenSeredRGIgBhk VAl Y engage
with the neter”s electronics; with colorinetric test strip enbodi nents, the

matrix or Meqhiaps: aiea.hav, %antgggn%ne&@egy%ﬁ&oammArf OPgLAkLYe! Y

aligned with er S 0p nponent's meter"s ronics or
optical conpgnentry on sensi ng when the reac zon trix area,
respecti vel y? YaHiqss pggr{azglp,ef}tysglgtﬁt&phfn%nq e ’88‘ %tff H?‘fﬁ%“ P&d f1 uid,
supplies an input signal to the test strip biosensor and receives an output
si gnal t her eflmoethowy-pleniasing eptasaatas 2.0-dinethyhb4 dangradinonei H3char act eri sti ¢
bei ng nmeasured. j0054] G rcunferentially positioned about aperture 16 is a
pressure ri ngickrotll¥ebenzoquinone, ferrocene derivatives, osmium bipyridyl complexes,

ruthenium complexes, and the like. In many embodiments, the redox active
component of particular interest is ferricyanide, and the like. The enzyme of
choice may vary depending on the analyte concentration which is to be measured.
For example, suitable enzymes for the assay of glucose in whole blood include
glucose oxidase or dehydrogenase (NAD or PQQ based). Suitable enzymes for
the assay of cholesterol in whole blood include cholesterol oxidase and esterase.
[0046]} Other reagents that may be present in the reaction area include buffering
agents (e.g., citraconate, citrate, malic, maleic, phosphate, “Good” buffers and the
like); divalent cations (e.g., calcium chloride, and magnesium chloride);
surfactants (e.g., Triton, Macol, Tetronic, Silwet, Zonyl, Aerosol, Geropon,
Chaps, and Pluronic); and stabilizing agents (e.g., albumin, sucrose, trehalose,

mannito] and lactose).
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di stal surface of which is applied to the skin and encircles the piercing
site within LFS-232 19 the skin during a testing procedure. The
conpressive pressure exerted on the skin by pressure ring 20 facilitates
the extraction of body fluids fromthe surrounding tissue and the transfer
of such fluid into test strip device 2. [0055] Distal housing portion 14 is
preferably itself in novable engagenent with neter 6 wherein distal housing
porti on[(D47] s sl i Gharhplet oheisttaichbingabbiog@porssitibie falsagyith thondij¢cudi nal
axis of the neter. Between distal housing portion 14 and the a proxi mal
portion of houghiith héiudk thoe BERFBE f GEHHRINA3 SMALBHCARASRH ARG gauges the

anmount of pressure exerted on distal housing portion 14 when conpressing

pressure rin 1 t.he ski ) en i ref erably an

el ectri cal t@%é%’gggod;%%r@ﬁ’ ﬁ%%@%ﬁﬁéﬁ?ﬁﬁ&ﬁ%@m@: I@ﬁ@ﬁﬁ OFWG%{he field
of electronics. Pressure sensor indicators 24, in electrical conmmunication
wi th pressur ef Wbiehgre reingdpeorperaigd dodetesenicadi cat e the | evel of pressure

bei ng applied to distal housing portion 14 so that the user nay adjust the
amount of pr@&egsSuep Bedteras appUsed, if necessary, in order to apply an
optimal pressure. [0056] In many enbodi nents, neter 6 has a display 26,

such asyasgl-CD di aRldtioh&d atbvePtha%hbi8ctdRiRes B4 Be @8ed AL chRd@BRhers and
test results. Additionally, neter 6 has various controls and buttons for

i nputting datg.: ' ' AN d; ontrolling the
pi erci ng act %"gbr\écgfs H@E{Wfé‘?ﬁ%“%@@f @%ﬁ{g@f}g}?@g%‘% I e\ggé&%%% is used to
retract test strip device 2 to a | oaded positi W t hin ter 6 and thereby
pre-load a sP Y%gﬁégﬁﬁwplﬂrﬁ“@rﬂ’ffe@%%)a ‘Ei’rmp'é’?g?e,sa Ikiié%gﬁfd ext ensi on or
ej ection of test ,strig device 2 fromaperture 16 by depressing button 30.

\

When di stal HRelgsningeibe piapartp of inderpstapat haacseomplishsd aytoprpticlly 8%, LFS- 232
20

automated device, e.g., a meter. The subject system is more particularly
described herein in the context of analyte concentration determination. However,
kits or systems according to the present invention include at least one subject test
strip device 2, oftentimes a plurality of test strip devices, where the at least one
test strip device comprises at least on skin-piercing element 4. The kits may also
include a reusable or disposable meter 6 that may be used with disposable tests
strip devices. Further, test strip kits may include a control solution or standard
(e.g., a glucose control solution that contains a standardized concentration of
glucose). A kit may also include instructions for using test strips according to the
invention in the determination of an analyte concentration in a physiological
sample. These instructions may be present on one or more of container(s),

packaging, a label insert or the like associated with the subject test strips.
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such ejection of test strip device 2 causes mcroneedle 4 to

i nst ant aneously pierce the skin for accessing the body fluid therein.
Buttons 32 and 34, when depressed, input signals to the meter's processing
conponent s i ndicati ng whet her the neasurenent to be nade is for
testing/information purposes (and for recovering the test results froma
menory nmeans within the neter's electronics) or for calibration purposes,
respectifggde]. [ 00SWhedBbRIalfy BRIest dtfib ABVicEEls GRVIAQUTIRY mia Ber%tleveycind
retain a replaceable cartridge containing a plurality of "the subject test
strip devices, Af HS] .test.stri evi h [ el t-her eject
the used test ag@ﬁ%gR‘%‘?’z%Q? Er“}gné%t ‘téllhl%‘rm&%?leeug%éemrf@?p%g‘f@%ogg%{a]gtotfa | at er
time. Such a configuration elimnates the necessary handling of test
strips, ther SHgh KhAY mchileraaions Wers ploss syip danesseleo grdroghsmigalang

i nadvertent injury to the patient. Furthernore, because manual handling of
the test striapd/orsoletimematestcsirip feviteasst Theseives omstgstistridavécasmedy smal | er

t her eby reducing the amount of materials required, providing a cost

savi ngs. The JiBia@l theisemk f 8fekdht tbaPentgat ent Application Serial No. ,
entitled "M nimal Procedure Analyte Test System " having attorney docket

no. LIF and fg i I i r. rel evance
in regaﬁgeﬁﬂ theseR(JE,ggﬁdSI? é’?a |%ﬁ£§o?%£§?gt§§%d#tpprgh§1?%%% tsg:slthglgspects of
the functionality.of nmeters suitable for use with the supject systens are
di scl osed in al‘ﬂ.c@a).éll‘lg&f’é}?ﬁprﬁﬁﬁm BIVERIE0Ts fhe subjec fes stp deviees ng, commonly
owned U.S. Application Serial Nos. 09/497,304, 091497,269, 09I 736, 788,
091746, 1 | 6 cesdrogeyeiedl, oggrimefriccas tharwiseh arnprseratpgcogpupad andeadspididnent s
using a colorinetric assay system a spectrophotoneter or optical neter

wi || be enpl agédnsatted mte tretracter. ddpecipscidicaliy) as fliustbied maFiG ¥, toft ssyzh net er
s suitable for use are described in, for exanple, U S Patent Nos.

4,734, 360, 4, R8s adirdIndhd 06 &0, Whdfedn elkinSpidkgbed3, 5, 41 8,

142, 5, 42b, 032,
lancing blade or needle 4 is associated with first end 8 and at least the second end
10 is configured for insertion into meter 6.

[0051] Meter 6 preferably has an ergonomically-designed housing 12 having
dimensions which allow it to be comfortably held and manipulated with one hand.
Housing 12 may be made of a metal, plastic or other suitable material, preferably
one that is light weight but sufficiently durable. The distal portion 14 of the
housing provides an aperture 16 through which test strip device 2 is advanced
from a retracted position within meter 6 to an extended position wherein at least a
portion of the test strip microneedle/lancet 4 extends a distance outside aperture
16.

[0052] Distal portion 14 further defines a chamber in which test strip device 2 is

received within a test strip receiving mechanism 18. Test strip device 2 may be
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5, 515, 170, 5,526,120, 5,563,042, 5,620,863, 5,753,429, 5,773,452,

5,780, 304, 5,789, 255, 5,843,691, 5,846, 486, 5,968,836 and 5,972, 294. [0059]
In use, the subject invention provides nethods for determ nding a
characteristic of the sanple, e.g., the concentration of an analyte in a
sanpl e. The subject nmethods find use in the determ nation of a variety of
different anal yte concentrations, where representative anal ytes incl ude

gl ucose, choing&icriato mbﬁﬁﬁ%}l@em&l'iﬁg BRltal haddng pértiohKa.-fronhomsiye BRI nent s,
t he subject nethods are enployed t0 determ ne the gl ucose concentration in

a physi ol ogi . . T Vj . di - pr .jpvention
are particuIg@%yﬁggﬁ%ggpf§§&ﬁggn¢§&%5&%&%@%&%&Q@ﬁ%%g%ﬁ?ghgggggﬁﬂkg¥ an
analyte in blood . or, blood fractions, and nore particularly in whole blood
or interstitiealstpp deyice 2 oradie insertsd aue imsterd anlaessirsdinio methiaed 18t | east
one subject test strip device as described above, is provided, and a

subj ect mi cruaepditeecd4t hereof is inserted into a target area of skin.
Typically, the skin-piercing elenent is inserted into the skin of a finger

or forepossf or atherrébl?Qdi@@l BOERpSortitts Wl tyank Pared® Wemil trispiRensrconds and
nore usual ly for about to 5 seconds. Depending on the type of

Dr e usual | . ding on the typ .,
oy be panct P et B o b R R i

and the stratum LES: 232, 2 .corngﬁfl.buhg n ny enb%ginentS\Mll
penetrat e no?THFEEHEME e HOTdH 5RRUSHBS 5\“&[}'2‘? PRI ASTEY: FWEY 3 Wi | e
the subject test strips may be handled and inserted into the skin manually,
the subject ts@tvistaliggthedes sibe andioapiugllyiserfing the fHpgAbStAR 2avigebedy such as
descri bed above. As such, a single test strip device 2 is either initially
i nserted i nt BuideBtringtthé pssap(especpallytifielettestic s¢nsing innyt revidedw disckrby a

pre-| oaded cartridge (not shown). In the latter approach enbodi nent, the
cartridge i stiprseimey aWhen esmuabioviRIR Geaitry sshied witiefeclvingsed strips may

be automatically di sposed
mechanism 18, the biosensor with test strip device 2 operatively engages with the
meter’s testing components. In the case of electrochemical test strip
embodiments, the electrodes of the biosensor operatively engage with the meter’s
electronics; with colorimetric test strip embodiments, the matrix or membrane
area having a signal producing system is operatively aligned with the meter’s
optical components. The meter’s electronics or optical componentry, upon
sensing when the reaction zone or matrix area, respectively, within test strip
device 2 is filled with the sampled fluid, supplies an input signal to the test strip
biosensor and receives an output signal therefrom which is representative of the
sample fluid characteristic being measured.

[0054] Circumferentially positioned about aperture 16 is a pressure ring 20, the

distal surface of which is applied to the skin and encircles the piercing site within
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of ., e.g., either ejected fromthe neter or deposited into a separate
conpartnment within the cartridge, while an unused test strip is
automatically renoved fromthe cartridge and inserted into a receiving area
of -the meter. [0062] Once test strip device'2 is properly received within
mechani sm 18, it may then be spring | oaded or cocked by neans of |ever 28,
thereby retracting the test strip device 2 and preparing it for firing.

Meter 6 is tiheskipahidng@nedingphsdeditel alhkopprgeindipedshiat ekartddn thakkiat ed skin
surface wherein distal housing portion 14, and nore specifically pressure

1109 20, 15 7pastnl Sng SV ashkbe dANASlo Rl R TR ST ORRATRLY S

pressure nay manual fy applied to the target ' skin area, pressi ng
the distal end of ter 14 agaipst.fhe target ,skin area, to ensure that
skin pi erci nigSEf 8?(@&’[6%5?'“?@ BE%E?HF‘ ’inF%té’Fttsg’ap fR¢e° +he skin. By applying
such pressure, a counter force causes distal housing portion 14 to press
back up®85Pk essur Pistadheusing portiopd34 2gprefegably (96 8] mTviable engagementamtiunt (i .
e., high, normal and | ow) of counter pressure is then neasured and

di spl ayed bymetet bavigtreipdss ibesiSEp&tion 14ds Siphdy sraddatableel depleksiblet he anount
of pressure applied should generally be in the "normal" range. Indicators

24 inform t hg,H Qﬁq@uﬁﬁamﬁoﬁtﬂé’d&&h B%F}wée‘ﬁ%%téltﬂ(fugi;qg@%ﬁ%ﬁrﬁ dri the1 g

applied. Wien the indicators show that the applie sure Is "nornmal",
t he user may trQ&n %gﬁ)r 8550k hoe sgr Lng-rel ease ebutrézn 3{‘2% eI%ueS ta the Spr i ng
force rel easeBOPBEHVTHLLIGSD 33 SR FRET 240V Pl 1785970 8T 2 are
caused to thrust forward thereby cauysi ng ski n- pi.erci nq elenment 4 to extend
from aper t ur &€ PECHRHOIRIATLIS S etRb OB diShePERSIRKPHIGR 44 WIED GBRPTSAfBE her by
manual means or by use of nmeter 6, the penetration of skin piercing el ement
4 into the skiessupding@agans thy skinl Breppresqpean 321g peaferablydefalensdcaby t he
recess or opening within skin-piercing elenent variations shown in FIGS
4A-7 and despkbadof whidhenayt besfahe kindlcomatvrdh ko@agein thadipldeoffdledtdnznt ers t he

Pressure sensor indicators 24, in electrical communication with pressure sensor

22, are provided to indicate the level of pressure being applied to distal housing

portion 14 so that the user may adjust the amount of pressure being applied, if

necessary, in order to apply an optimal pressure.

[0056] In many embodiments, meter 6 has a display 26, such as an LCD display,

for displaying data, such as input parameters and test results. Additionally, meter

6 has various controls and buttons for inputting data to the meter’s processing

components and for controlling the piercing action of test strip device 2. For

example, lever 28 is used to retract test strip device 2 to a loaded position within

meter 6 and thereby pre-load a spring mechanism (not shown) for later, on-

demand extension or ejection of test strip device 2 from aperture 16 by depressing

button 30. When distal housing portion 04 is properly positioned on the skin,
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pool i ng area by the open-space configuration (e.g., recess or opening,
within skin piercing elenent 4), and possibly also fromthe opposite side
of the skin-piercing elenent. The pooled sanple fluid is then transferred
directly to the reaction zone of a test strip or thereto by a fluid pat hway
by at least a capillary force exerted on the pooled fluid. Were no

enl arged pooling area is provided, a sinple capillary channel may prove

ef fective i nsael gaitionsiftteakirpndevas M@hbes rhleunghdls 4ah irdtapeinetikypiercot  be
nost preferred. [0065] In any case, the transfer of fluid fromthe wound

site to the by r - *q%= i j .Ga
positive pr eéﬁﬁ?‘z‘[’]z‘ﬁrﬂéu#‘é‘ 21}{{ %’J(Ei Iy l?_%ﬁ:‘!ﬂgzbgﬁggs %/%rgfr(]%{ H}fggﬁlgﬁ%?%egti on
site by neans of a pressure ring 20 or by applying a souyrce of negative
pressure thr oW siEpalsp edn%tﬁaﬁﬁwew@r@mwgg@amﬁ?%answﬁleﬁﬁa?}wf| ui d exposed
to the distal end of the channel. Fluid passing into the biosensor reaction
zone may si nphsastrefrient fodeanade 16 fordettimgh gtidyepwipetes (andtfedrdsgvesingchannel s
or another simlar distribution feature. [0066] Once neter 6 senses that

t he reacti on tofRet resull¥EtdTh X nddreeyinfca@ O Withet Bk Ynctdr! d gektranids) &h@r sanpl e of
body fluid, the neter electronics or optics are activated to perform

anal ysi s of %Qﬁ?ﬁﬁ&ﬁ?ﬁr@%&ss lBveldt this point, the neter nay be renoved
by the patient from pehetration site or kept on the skin surface until

adai 1 olPT i nol AHE<RARHY PEpScIhEBREYe o7 St PR IR S rhEe Rkl nead ¢

strip fromthe skin once the reaction cell is filled with the body fluid
sanpl e. [ 006 Fpridghcoiripmg aH wahbraldhe subicch tpshHEP Jewceso MeidertusEg dohgst
determ nati on assay, an el ectrochem cal neasurenent is made using the
count er/ r ef erstmrédevaged theon&termpay exlodr epadethe uFtbtes] stup frouttbeimsddr omstser enent
that is nade may vary depending on the particular nature of the assay and
the nmeter w ttheniforcdisgols! b estr @@besuchnd cdrfipuraioniefimisatennt ayadsarye. 9. ,

dependi ng on whet her the assay is coul onetric,

handling of test strips, thereby minimizing the likelihood of damage to the strip
and inadvertent injury to the patient. Furthermore, because manual handling of
the test strips is eliminated, the test strips may be made much smaller thereby
reducing the amount of materials required, providing a cost savings. The meter
disclosed in U.S. Patent Application Serial No. , entitled “Minimal
Procedure Analyte Test System,” having attomey docket no. LIFE-054 and filed
on the same day herewith, is of particular relevance in regard to these
considerations.

[0058] Additionally, certain aspects of the functionality of meters suitable for use
with the subject systems are disclosed in U.S. Patent No. 6,193,873, as well as in

co-pending, commonly owned U.S. Application Serial Nos. 09/497,304,

09/497,269, 09/736,788, 09/746,116 and 09/923,093. Of course, in those
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anperonetric or potentionetric). CGenerally, the el ectrochem cal neasurenent
w || measure charge (coul onetric), current (anperonetric) or potenti al
(potentionetric), usually over a given period of tine foll ow ng sanple
introduction into the reaction area. Methods for naking the above descri bed
el ectrochem cal neasurenent are further described in U S. Patent Nos.
LFS-232 25 4,224, 125; 4,545,382; and 5,266, 179; as well as in

| nt er nat i onaimiRAli@Btts Bbﬁlﬂlg,laféatdrﬁxﬁQnN\&sz kB0, pactrdfRoMAS3K bptibH068]
Fol Il owi ng detection of the el ectrochem cal signal generated in the reaction

zone, the anpuai }vgé P% %ﬁpﬁ@f@%ﬁl&r@l& e gaﬂs%?%e%?ﬁaioﬁafnzt ﬁﬁ’#hcﬁxle e¥s

determ ned by re | ectroche si gnal gener roma series

of previ ousl ned contra tandard \, A odi ments, the
el ect r ocheni %’é %‘éﬁe %Q%Sﬁ?é?pg‘ﬂt %Fé%plﬁngagaﬁéﬁmgo%g%é Bgti on
derivation steps, are perfornmed automatically a device designed to work
with the test9 66@3 4B Spd00 0,689,394, 1, 3, 4518, éﬁﬁﬁﬁgé Scblifclidt AL6,082i n a sanpl e

applied to the test strip. A representative readi ng device for

aut omat i cal 15,5p8, 820,503 260 20083563, 84 B [5562053630 5 17B3u201557730d52d 5 780 g oappl y sanpl e
to the reaction zone and then read the final analyte concentration result

fromthe devi 6gg ks f dustdeRT 5 485a86 8 $86CRdReHAl U.S. Application S/N
09/ 333, 793 f% ?ed Juné 15@% g ?(3069 For a col ozr@?(netrl c or photonetric

anal yt centrafion m.nat i on _assa ied to a subject test
strip, e[rqg speci 5%551'1%Sel?ﬂe%l?vegglﬂ]8?10"&%/635“631?@&5%? ‘g‘{gerg{’?%a is allowed to
react wth nmenbers, of a _signal producing system present .in the reaction
zone to procFi}@éacéFrHEP%Eh&ﬁF‘@plﬁi é8udhe ?%&meaéloflé’ﬁﬁ’éé’éﬁh"ét“il g&agple; Rl anal yt e
of interest in an anount proportional to the initial anmount of analyte

present in tswbjeshmgthods finé uasrinuthe determiseiean eft eanstodfidtferent aalytsi gnal
produced by the signal producing system) is then determned and related to
t he anount ofonaatatioas,iwheré fepradettatve SabpeeincMit blusosehclodéstarolybdotdte, assays,
optical-type meters are used to performthe above nentioned detection and
relation stefgoholMndaROMRe. LIiSn#d entodiments, the subject methods are employed to

determine the glucose concentration in a physiological sample. Test devices 2

according to the present invention are particularly suited for use in determining

the concentration of an analyte in blood or blood fractions, and more particularly

in whole blood or interstitial fluid.

[0060] In practicing the subject methods, at least one subject test strip device as

described above, is provided, and a subject microneedle 4 thereof is inserted into

a target area of skin. Typically, the skin-piercing element is inserted into the skin

of a finger or forearm for about 1 to 60 seconds, usually for about 1 to 15 seconds

and more usually for about 1 to 5 seconds. Depending on the type of

physiological sample to be obtained, the subject skin-piercing element 4 may be

penetrated to various skin layers, including the dermis, epidermis and the stratum
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described reaction, detection and relating steps, as well as instrunents
for performng the sanme, are further- described in U S. Patent Nos.

4,734, 360; 4,900, 666; 4,935,346; 5,059, 394; 5, 304, 468; 5, 306, 623;

5,418, 142; 5,426,032; 5,515,170; 5,526,120; 5,563,042; 5,620, 863;

5,753, 429; 5,773,452; 5,780,304; 5,789, 255; 5, 843,691; 5, 846, 486; 5, 968, 836
and 5,972, 294; the disclosures of which are herein incorporated by

ref erence. Examplmsbufin maol cobodinmentt wiltpanetrplegiodathariticanrtbagent test strips
suitable for use with the subject invention include those described in U S.
Pat ent Nos. ! sibdtheOdlayd of 9 &H2; 5, 789, 255, herein incorporated by
reference. Test Strip Devices [0070] Turning now to FIGS. 2A and 2B, a
first t | enen i ol i 1 es rip 36 and a
needl of 1 Enceal Ve PEShaordent BrPR B v anfRFRM BREAUbE e S

i nt erchangeably). FIG 2B shows the | ance e] enent 38 shown separately,
whereas a di ST RGO 1ept SYaPSATE preaf?réelyensswﬂfg adgnenhgldgpelcatichxed, hel d
or attached to each other in FIG 2A to formtester 2 [0071) The test strip
i ncl udes a biodesssbed dpvsetAsispdn asinglbtest sitip dédce Adheibenvaitrdlylipsesied44 may
be provided to make the connection. The biosensor shown in FIG 2A is a

col ori met ri cintypest SiEPINEtesralé Rethulip nRYHREEEVIOA] VY 4 Predlofidiiiaaiggand/ or
matri x. An aperture or transparent w ndow 46 may be provided in substrate

42 to_enabl e ARRan. SAdhanel M2y ErakiAGh hEG-ARES mLarmpy n FlG 20

to the test strip Iin F sive ne 48 are applied to a base 50

of the lance_ele t to conne it t n.LES-232 27 opposi ortion of
the test str ir%povﬁgy %r}gagﬁ.{%ge[ ngh ’Tbe;ler 'clﬁseﬁes r’BaYn%%/%“‘?{f‘a@%MgPB% y.
Generally they will be set so as not to jnterfere with relevant structure.
FI Gs 5A and 9B %% o%h§E cigricd fiompihe meterridspesaicd I RSSPUHe somprgrent

within the cartridge, while an unused test strip is automatically removed from the
cartridge and inserted into a receiving area of the meter.

[0062] Once test strip device 2 is properly received within mechanism 18, it may
then be spring loaded or cocked by means of lever 28, thereby retracting the test
strip device 2 and preparing it for firing. Meter 6 is then positioned substantially
perpendicular to the targeted skin surface wherein distal housing portion 14, and
more specifically pressure ring 20, 1s caused to contact the target skin area. Some
compressive pressure may be manually applied to the target skin area, i.e., by
pressing the distal end of meter 14 against the target skin area, to ensure that skin-
piercing element 4 is properly inserted into the skin. By applying such pressure, a
counter force causes distal housing portion 14 to press back upon pressure sensor

22.
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pl acenent used 'to attach the |lance elenment to a test strip. [0073]

Regardl ess of relative orientation or configuration, as wth optional
adhesi ve portions 44, adhesive portions 48 nay conpri se doubl e-stick tape
or ‘directly-applied adhesive. Alternately, adhesive affixation of elenents
36 and 38 may be foregone in favor of nechanically welding (for instance,
using ultrasonics) or chemcally welding the conponents together. Still

further [ogespp! enerthalre@til @ahBBRtY(; SERRB  foriRY akEloP) 0¥ LéletkriPese@anSCct a test
strip with a lance elenment according to the present invention. (0074] An

exanpl e of e ﬁgasﬁpe%ra%a%?sr?g%gtﬂg\gggs%]E)\%?ggérgée%gin%%at g5, | ance menber

38 i ncl udes S or clasp on opposites sides of base

50. The clip y.be integrally forned j he .| ance e| emept .as shown, or
conprise i nd?ﬁ%ﬁﬁ’@gﬁ ﬂlﬁr“‘”&l‘?%Pét’@sﬂ%ﬁﬂﬁ’r]?gtsh%‘#gélf%éuy {"Y)WﬁgT “ﬂf@agari ations
of the invention in FIGs 4A and 4B are shown usi ng adhered-on | ance nenbers
38 on their masgsedidicgorsrMangirdethe ufdnas bmwbenfooanadh drane bttlegmtssurengy be
affixed to the test strip body 36 by an adhesive |ayer or layers 44. O

course cli p- QRidgaippRedEWIRA $hd MM icRlotLIhoM Bhdthd epplicadrasSurday “Renarher
met hods of connection. [0076] As shown, the |ance nenber in FIG4A is of a

di ff t thi i ' ISl SaD t i
Gl zed Lo be MHSERT R ich dbes ik Sorffediead ol SOOBARS ephing P ' P
the latter b

e prodquced froma. netal . | ndlgied, any, of . the wvarious.|ance
member vari atFoHSOsITGUN T INEIP FebpRiS e%ﬁ%)émp RS RETRP 19 asti c,
conposite material, ceramc or another material and be caonfigured
accor di ngl y. thigielpread therebpgavgingeskiypise g amnertd 1o £xieng froph gpearathnent
approaches described nmay be use in or with any of the | ance nenber
vari ati ons. Snilpundturetthetargeed skinfardahe opti onal features regardi ng needle 4
structure and fluid conveyance as described further bel ow may be used in
each of [po&]vari atWaeherby Manual means or by use of meter 6, the penetration of skin-
piercing element 4 into the skin may create a fluid sample pooling area (defined
by the recess or opening within skin-piercing element variations shown in FIGs
4A-7 and described further therewith). In which case, sample fluid enters the
pooling area by the open-space configuration (e.g., recess or opening, within skin
piercing element 4), and possibly also from the opposite side of the skin-piercing
element. The pooled sample fluid is then transferred directly to the reaction zone
of a test strip or thereto by a fluid pathway by at least a capillary force exerted on
the pooled fluid. Where no enlarged pooling area is provided, a simple capillary
channel may prove effective in certain situations as well, though such a set-up
may not be most preferred.

[0065] In any case, the transfer of fluid from the wound site to the biosensor may

be further facilitated by exerting physical positive pressure circumferentially
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either type of test strip 36 disclosed and still others. [0077] However,
details of the test strip enbodinent in FIGS 4A and 4B is first described.
Specifically, this test strip 36 conprises a first electrode 54 and a
second el ectrode 56, preferably constructed '‘as descri bed above in
connection wth el ectrochem cal sensor production. The thickness of the any
substrate material provided typically ranges fromabout 25 to 500 u, m and

usual I'y fromi@bedithe3RnéteatidGite bimesas bLa pheswrd ek Beﬁsbpﬁpﬁlmgm@oﬁkd ayer
typically ranges fromabout 10 to 100 rim and usually from about 10 to 50

. L0078 A, oot e P TRSIofe M BRINE (RRaR, SRAGRN R HERIALRS

el ectr odes, 1°ni' n Z0one or area ectrodes

generally face e ed .onl. hort di stance, such
o L e 2D B 2af oFhe Rehal SR SR tg The oS SREOTFRRTICR] Ckness
of spacer |ayer 58 may range from 10 to 750 p.mand is often | ess than or
equal to 500zgnermaysitiplis(iflithearcao@eniatdmbadotibs] bysubzanvielorAny spacer

| ayer preferably has doubl e-si ded adhesive to capture the adjacent

el ectrodes. hiptldiimREaliSABGRIn featyes, 58 may be fabricated LFS- 232 29 from
any convenient material, where representative suitable materials include

pol vet nidogge. ¢ o e@ﬂwﬁ}em scflor b AR o POLY R Foei Lar ROl ot o

(PEIG) i mde car bonat e, 0079 (
Strips. ?3& @ﬁfcf tﬁ‘fﬁ%se'névﬁ phEGH Fd tﬁ?ﬁﬁe%%gh%ggﬁlﬁﬁa ur“r%gS"F%ao%ﬁ%ﬁ‘F 0. 75 10 2

in (1 .9to uaInyromabout079t .11in (2.0to 2.8 cm.
The width of 14 mréfO@mea@@JrYéH@i thegrdaster sanpieh Sithip P%‘tvttBe Bespmay beo. 38 to 0. 76
cm, usually fromabout 0.20 to 0.27 in (0.51 to 0.67 cn). In certain
enbodi nent s, ravefl dyghdpastendfremahe piretiation sitoatdept en Blickmeurfapawntilhe ot her,
wherein in certain enbodinents it is about 0.135 in (3.5 nm shorter.
Preferably, dleaedtietits arrdhspacarthswidplayi Meaatcheylaldreatelyne el enent s
overl ap. The spacer

additionally include means for automatically retracting the microneedle strip from

the skin once the reaction cell is filled with the body fluid sample.

[0067] With an electrochemical-based analyte concentration determination assay,

an electrochemical measurement is made using the counter/reference and working

electrodes. The electrochemical measurement that is made may vary depending

on the particular nature of the assay and the meter with which the electrochemical

test strip is employed, (e.g., depending on whether the assay is coulometric,

amperometric or potentiometric). Generally, the electrochemical measurement

will measure charge (coulometric), current (amperometric) or potential

(potentiometric), usually over a given period of time following sample

introduction into the reaction area. Methods for making the above described

electrochemical measurement are further described in U.S. Patent Nos.:
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incorporated in the strip may be set back about 0.3 in (7.6 rnn) fromthe
end of electrode 56., |eaving openings) 62 between the el ectrodes about
0.165 in (4.2 nmm deep. However, configured, such openings) provide space
for receipt of a neter probe. (0080] A vent opening 64 is provided across
the reaction zone fromthe inlet port 66. Providing a vent allows for
capillary action between the electrodes to draw sanple into the reaction

zone W t hout 4Dagkps.ess45,387; 3h@& 5266 8MN9Eas vWAIR&EH ThRMAtiob& Hakerpr ef er abl y
configured or cut-out so as to provide a reaction zone or area wWth a

vol une in thFuﬁlﬂ{%ﬁSn%W@l?? 5381d0\§d§b/%§’30d% usually fromabout 0.1 to 1.0
al'ly .051to0 1.

pL and nore usu rom abou pL. The anount of physi ol ogi cal

sanple LES-232 30 that is introduced into.the reaction area of the test
strip w@% ry, bliplpmedsiecion aﬁ@%leﬂre%%s{]tﬂ@? eqsTafest 10 the reagie) | y from
about 0.3 to 0.6 E~I. [0081] Such introduction of sanple is preferably
acconpl i shedzate, thetapiweiat &bt aoaly@Sredent inthesdrapleds typichlly deteunised by needl e

~t to pick up pooling or conveyed sanple and direct it inwardly toward tile

test strip redainpaie glebRochRinidapaighalnRhtiatld forianelddofifievis@pbetaileang t he
edges of the notch. [0082] As such, "the variations of the invention shown

| 71,05 44 anchof SREESFOLIEL OB RARCh: Shis ShE LRBcHRRAEY Liinkl gures 24

and 2B are |oa or accept sa ong ace o e sensor (as
present on the underside of .the test strjp)., Still further deg of

i ntroduct i onnﬁ?%”%?gisg‘ip@,anﬂﬁvéw&g.omﬁn é{lﬁg%g'ifévc?tlpgﬂe%taﬁ %?E%Wabe enpl oyed
(such as those described in the above- referenced patent application

Att or ney DocRépmRBeally hydeysay desmmed Jowark Withithedestsen Piadycsisyabre t he

| ance el enents depicted. Such approaches are contenpl ated as part of the
present i nvenf amatyte camestrEfiemarn SnplkogslicAlts thed ot sepp| A rapdesgstativpect s of
the present invention are various features

reading device for automatically practicing these steps, such that user need only

apply sample to the reaction zone and then read the final analyte concentration

result from the device, is further described in co-pending U.S. Application S/N

09/333,793 filed June 15, 1999.

[0069] For a colorimetric or photometric analyte concentration determination

assay, sample applied to a subject test strip, more specifically to a reaction area of

a test strip, is allowed to react with members of a signal producing system present

in the reaction zone to produce a detectable product that is representative of the

analyte of interest in an amount proportional to the initial amount of analyte

present in the sample. The amount of detectable product (i.e., signal produced by

the signal producing system) is then determined and related to the amount of

analyte in the initial sample. With such colorimetric assays, optical-type meters

are used to perform the above mentioned detection and relation steps. The above

LFS-232 26



regarding the | ance el enents 38 shown. I n accordance with the text above,
each | ance elenent includes a | ancet/needle or skin piercing el enent 4,
typically having a pointed tip 70. In addition the body of |ance 4 and base
50- may incorporate various features to collect and/or convey a bi ol ogi cal
sanple to a given test strip sensor 40. LFS-232 31 [ 0084) Actually, any
sui tabl e shape of skin-piercing elenent 4 may be enployed with the subject
test strip déescrbed reastidmdeteatsont nd rshapg sepsghak eslltds énsskinrentsdobe pi er ced
with minimal pain to the patient. For exanple, the skin-piercing el enent

may have a sg&«%&ﬁﬁﬁg aielsxmfela'%te f&{h&h@g&%e@wﬁlywa%t NBs 4013478, be
substantial |y cylindrical-1ike, wedge-l1ike or triangul'af in shape such as a

s LT 4 P SSoCaB AT P SRS 7, o

el enent, or at |eas ortlon of skin pierc elenent that is
penet rabl e i 6{565{1% %ﬁ?qﬂ )568@4%9,6%@@5& 56,7 P AP RITHYI0but  not

limted to, substantially rectangul ar, obl ong, square, oval, circular,
di anond, tri &f180J246; 5,8437691;6t826,484(5,068836 hyd 5,072,294 ithe gbiselos:jrmgobl ement may
be tapered or nmay otherw se define a point or apex at its distal end. Such

a confi gur at {ARHRY htRKEInEOBofaRidByHef@ehRPIExak Bl REk&halbldigettic Br O a
pyramd or tri angul ar shape or the like. [008S] The dinensions of the

ski n-pi er ci ”ggySI g Ogl Aot Yl éﬁluge%?ﬁﬂgfe'}g %I\gléﬁéﬂ'l ﬁ@%g%véﬁgh%éu&“‘:h as

the type of esired penetration

oSt o CenolFF JEcOR il EF‘@P ohiy SHEREE S LR bl el oV o

skin-piercing and fluid extraction functlons and, thus, is designed to be
suf fi ci ent | yImcgmestted BY f#fer§8¢and i nsertion into and withdrawal from the
skin. Typically, to acconplish these goals, the ratio of the penetration
| engt h (defi fest Stnip Dleyicds st ance bet ween the base of the skin- pi ercing
elenment and its distal tip) to
[0070] Turning now to FIGS. 2A and 2B, a first test element or tester 2 is shown.
It comprises a test strip 36 and a needle/microneedle or lance/lancet portion 38
(herein used interchangeably). FIG 2B shows the lance element 38 shown
separately, whereas a discrete test strip 36 and lance element 38 and are affixed,
held or attached to each other in FIG 2A to form tester 2
[0071] The test strip includes a biosensor 40 set upon a substrate 42. Adhesive
member(s) 44 may be provided to make the connection. The biosensor shown in
FIG 2A is a colorimetric-type sensor provided in connection with a membrane
and/or matrix. An aperture or transparent window 46 may be provided in
substrate 42 to enable sensor reading.

[0072] To attach the lance element in FIG 2B to the test strip in FIG 2A adhesive

member(s) 48 are applied to a base 50 of the lance element to connect it to an
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di anmeter (where such dianeter is neasured at the base of the skin-piercing
LFS- 232 32 elenment) is fromabout 1 to |, usually about 2 to 1, nore
usually about 5 to 1 or 10 to 1 and oftentinmes 50 to 1. [0086] The total

| ength of the skin-piercing el ements generally ranges fromabout 1 to
30,000 mcrons, usually fr'orn about 100 to 10,000 mcrons and nore usually
fromabout 1,000 to 3,000 mcrons. The penetration |length of the

ski n- pi er ci nppesiegpottongEier taktl syrip. dhigesidnt aionalieuth hehbeS@Y, of cr ons,
usual | y about 100 to 3000 m crons and nore usually about 1000 to 2000

m crons. Th j 0 i af I D-Ni i at | east the
Thi Conoss | oft RRcP Ty Gehlially BRIS, Hloe S & R & B R et 3 0 2000

m crons, usually fr out t0.500 mcrons.and nore usually from about
50t o 550 e B M TR it G AR AR AT Fordhages tr om
about 1 to 2000 m crons, usuall}/ about 300 to 1000 mcrons and nore usually
from about S0&rement Bwd tapdidiibe lange plgmgntlodEstiEi s, the outer di ameter of
the distal tip generally does not exceed about 100 microns and is generally

| ess t HaO7Hbout XRegardessrs relatvenarieatdtippiot abhfygurasmsm, ahwithaptonall mi cron.
However, it will be appreciated by one of skill in the art that the outer

di amet er of édﬁ@si%ﬂgéhil@hﬂ&iaHHes‘i’Jc%?ﬁf%nsf@m&ﬁ&éﬁnﬁ'i&%ubtesstﬂcﬁ'ﬂﬁ}e*bror may be
substantially constant. [008" 7] Regarding the fluid-conveying features

noted as may;,. [, NGO [ % t . I at 4
i ncor por at esd‘%§f1§$ qgﬂéﬁggr\d%éﬁgeizglt%@g% g’r’g ﬁ%fafgg%}oﬁ{bgf ye%{déln?rseénf’g‘{l}lg n33s8 for
t hi s purpose. an%i ured #.o vvol;k i th hg\ﬁ‘»ﬁfﬁ Fltst [ g% in FIGs 2A and 3A,
t he channel 'BFePerBbFPCEXtRNES eSHGACY PGt BSEHCH a8t is in fluid
communi cation with the sensor matrix or nenbxane. The channel may be
LFS- 232 33 ultrasonics) or chemically welding the components together. Still further,
supplemental attachment members may be provided to connect a test strip with a
lance element according to the present invention.
[0074] An example of such an approach is shown in FIGs 3A and 3B. Here,
lance member 38 includes hooks or clasp members 52 provided on opposites sides
of base 50. The clips may be integrally formed in the lance element as shown, or
comprise independent or discrete members themselves.
[0075] The variations of the invention in FIGs 4A and 4B are shown using
adhered-on lance members 38 on their respective undersides. The base of each
lance member may be affixed to the test strip body 36 by an adhesive layer or
layers 44. Of course clip-on lance members may alternately be used as may be
other methods of connection.

[0076] As shown, the lance member in FIG 4A is of a different thickness than

that in FIG 4B. This is because the former is sized to be made from plastic, while
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open on either one side (thereby taking the formof a trench) or both. The
channel length is preferably limted to match-up with intended target in
order to avoid inadvertent |oss of sanple fluid. [00138] FIGS 4A and 4B
show a somewhat different |ance configuration. In each figure, a recessed
polling area 74 is provided. No capillary is required to carry fluid from
the pooling area since (as noted above) fluid is able to directly transfer

from the | anggt cdntkRpRestinat O TditePBe pRALMSHIRRIAhOMIn@ed! AF dMHENti on. The
pur pose of the recessed or space-defining area in the variations shown in

FIGS 4A and 4B.(as,.well _as in .FI.GS SA-7)_1s,L0 create space._or  vol unme
wl thin the prapeldalfongBBer ol v b bt yF B bude 3P B Bt
bodily fluid is caused to pool_ in situ prior to being transferred to the
bi osensor poPiasBe, OMNOREE BialsTiak cerark¢ orsanother ealriad and b capfignred: he
availability of a greater volune of body fluid can be provided with a tip
that is smal laecordinglyorLikénarspens ridyaireadynbe afpacera) anyiof tleneedhment t her eby .
reduci ng pain. The greater availability of body fluid also results in a

faster coll eGhhacHedds@bed A vene il HOBI atsearthalidnte nldifbed PASAAES | Ni ng
| ancet configurations of the present inventi'on create or define a space

within the piicnl) SRAGAIRY oMbt ¥AHIGAhahE38Lags HLERT. A% i space or

avail abl e fl ul eaction zo I 0Sensor .

vol ume ranges from aboui 10 t.o 1,000 nL, apd nor.e usua from about 50 to
250 nL. Such C%Yqyﬁgﬁ'o%scffﬁ?rgzﬂd ughﬂigiﬁk?mmavgsaf»eﬁ it Sk b vERITR "0 urre
occupi ed by the structure of the skin-piercing elenent, and ranges from
LFS-232 34 cHbeuypoiieststgnds diselopsstandssitlaitheys.f r om about 50% to 75% of the
entire volume occupied by the skin piercing elenent. [0090J The | ance

menber (68774t i ons Bdvwoaver,idetails GBtizAest siripcontpalirate ia FiGashahd 4B ialicsta recess
74. The variations in FIGS 5 and 6 include an opening 76 adjacent the

Eogol ing regi MRs@focde SheciibBYDON ichbtAf 6 cORNIRT firht ddt&roli@saBhd ¥ari ations
second electrode 56, preferably constructed as described above in connection with
electrochemical sensor production. The thickness of the any substrate material
provided typically ranges from about 25 to 500 pm and usually from about 50 to
400 pm, while the thickness of the metal layer typically ranges from about 10 to
100 nm and usually from about 10 to 50 nm.

[0078] An adhesive member 58 may serve as a spacer between the electrodes,
defining a reaction zone or area 60 for which the electrodes generally face each
other and are separated by only a short distance, such that the spacing between the
electrodes is extremely narrow. The thickness of spacer layer 58 may range from
10 to 750 pm and is often less than or equal to 500 um, and usually ranges from

about 25 to 175 um. Any spacer layer preferably has double-sided adhesive to

capture the adjacent electrodes. In any case spacer layer 58 may be fabricated
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best pictured in FIG 5B. The purpose of such an opening (and for providing
an open capillary iri the |l ance nenber variations referenced above from
FIGs 2A 3B) is to further expose the sanpl e-gathering structure area to the
out si de environnment, thereby increasing the volune and flow rate of body
fluid into the area. [0091] As illustrated, the recesses and/or openings
may occupy a substantial portion of the width of their respective

ski n- pi er ci n@gofl giRBhSenian mekhalashére sefredeantivakuindié narrials clbd@ngt h
di rension. Side walls 78 defining each of the structures will have a

t hi ckness suffi ci when

subj ect {0 nﬁé‘#%ﬁh%osE%ﬁ%ﬁ%%y*ﬁ?ﬁﬁ%ﬁ%ﬁhﬁ%ﬂ%&ﬁe PERERT ) o
negati ve space fox collecting sa 0092] Anot her optional feature or
set of featuPRYp QIPQRﬁFWHEMghﬁFggﬁgmﬁespeC|aIIy in connection with a fluid
conveyi ng channel 72 incorporated in a |ance elenent is shown in each of

' FI GS 5Al0079TThe f edsuiepistadethegvorbingrand defersnes eleetredes atcogediaraliyf I'ui d transfer
pat hways 80. These el enents, set in fluid conmunication with channel 72
convey sanpl eorfigural sl thie fcdhsmﬁﬂanwhallgane leagtiosfiht blectg®les eingehpl oyed in
an opposing, attached test strip. LFS-232 35 [ 0093J Lil ce channel 72,

pat hways or %ﬂﬁ%hﬁo@@ﬁ?% Ellr%ﬁcff] I%JT% ﬁuﬁﬁﬁﬁbﬁﬁ%uwﬁﬁo Qlﬁ £0ko &

capillary force on flurd wt ng” area defi ned e open space
portion of t cr-anee nd, dr aws _or_ wi.cks i le to
within the r2§cﬁni)o o‘%@ %?ft%FFF§°¥Sé?%? froﬁ]ea u@éﬁ g 8 @3’@? t he

di aneter or width of a_single fluid channel pat hway does not exceed 1000
mi crons and Wi7PIcnysisiaily fiomn abaut 02940 Otd 12@@)5HQ:Q§K§ nlbedREt er . This

di aneter may be constant along its length or may vary. It nmay be preferred
t hat sub- chasmbpdngotshthedength of oneefithe plgtirelcanesherter than theeothemybererom about
1 to 200 mcrons and nore usually fromabout 20 to 50 microns in that they
are not requin edtaircerabedirigntshitisabom 0.135 in (3.5 mm) shorter. Preferably,

electrode and spacer width is matched where the elements overlap. The spacer
incorporated in the strip may be set back about 0.3 in (7.6 mm) from the end of
electrode 56, leaving opening(s) 62 between the electrodes about 0.165 in (4.2
mm) deep. However, configured, such opening(s) provide space for receipt of a
meter probe.

[0080] A vent opening 64 is provided across the reaction zone from the inlet port
66. Providing a vent allows for capillary action between the electrodes to draw
sample into the reaction zone without backpressure interference. Spacer layer 58
is preferably configured or cut-out so as to provide a reaction zone or area with a

volume in the range from about 0.01 to 10 pL, usually from about 0.1 to 1.0 pL

and more usually from about0.05 to 1.0 uL. The amount of physiological sample
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velume of fluid as a primary channel 72. [0094] In the illustrated

enbodi nents, branch channels 80 extend perpendicularly from channel 72;
however, they may extend angularly fromtheir respective channels. Another
vari ation concerning | ance nenber configuration relative to channels 80 is
to inset or surround the sane within base as shown in FIG 7. Acconplished
in this manner or another way, bounding the area to which channels 80 can
convey fl ui dhatasiedecql iayettie teactos area of kst tesaniy rmay sarglj hegepdallyl |y and
only to a reaction or sensor area of the test strip 36 enployed with | ance
el ement 38. hPAQF onh BbARDLEN 0qIDARHATR Blodn Mout D thpwantion, the fluid

pat hway may further include one or nore agents to facilitate sanple

|l L& | . hyd ili b : i
e 1 UPBar huays Comarec OGRS R E I HENERD seb BIR PBp R BE5RC ™ y pes

of surface nodifiers or surfactants such as LFS-232 36 mer capt oet hane
sul foni ¢ aci@® (vetfacespithdeatungaebneedieet fupick up 8Poligg or ceBYRyed sa@plssol |

Ger opon, Chaps, and Pluronic. Test Strip Device Fabrication [0096] Many of
t he techni quead diesicit invetd iyriowar8. thé\pest stdatreatio\zdne, DdesepariNally binkg)35
entitled "PHYSI OLOd CAL SAMPLE COLLECTI ON DEVI CES AND METHODS OF USI NG THE

SAVE" are apRé s&apleldn® thebddes dF tHthot@st strip devices as described herein
- especially those details regarding needl e/l ance production. Details as to

el ectr ical test St iON: b gLLaigd in view of
rppl i AP0 271 REtneht EeeRbREl 0B AR PR BRI NG svsTEM and
LI FE-039 entitled "S I STRI.PI SYSTEM'. 09 A pri .di stinction,
nowever ,  beU TR R R EALR TERY bt 4o T RS Pren QBT IABFON GG 1 hat
taught herein, is that in the present invention conplete test

accept sample along the face of the sensor (as present on the underside of the test

strip). Still further modes of introduction are possible, however. Side loaded test

strips may be employed (such as those described in the above- referenced patent

application Attorney Docket Nos. LIFE-031/LIFE-039 with minor modifications

of the lance elements depicted. Such approaches are contemplated as part of the

present invention.

Lance Elements

[0083] Also contemplated as aspects of the present invention are various features
regarding the lance elements 38 shown. In accordance with the text above, each
lance element includes a lancet/needle or skin piercing element 4, typically having
a pointed tip 70. In addition the body of lance 4 and base 50 may incorporate
various features to collect and/or convey a biological sample to a given test strip

sensor 40.
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strips may be provided, to which |l ance elenents are attached as auxiliary
structure. FIGS 2A and 3A provi de exanples of such an approach.

Alternately, test strips adapted for use with the | ance el enents of the

i nventi on may be provided, to which lance el enents are affixed. FIGS 4A and
4B provi de exanpl es of such an approach. j0098] In either case, it is
possible to separately produce or procure |lance and test strip el enents

that arqobgfjer br ou@hilly egphiifble shBse bfkin-plekding BldgpRANYIBRAY bBMPIS A the
product sl devices permts relatively optimzed manufacture. In contrast, in

the integral gsk Shilh dYLEs ARSCLhRad . LR ahaye: felenqpged

application, certain cons atrons of material selection and

manuf act uri ng .processes applicability th do not necessarily affect

manuf act ur e cH“PrP WBE é%maqipﬁkﬁéﬁtﬂi!eo?ﬂtle{)b%@]ﬁxmafeesbaﬁb!néﬂerﬁntgrf‘éelmréxi bility
of fered by producing test strip devices according to the present invention
by affixinl andyamye asubstentiallydlaanr piaharoan§ gurebopl e nmythesubsentiatlyi s t hat a
user may feasibly take such action. This may be especially true for the

clip-type emydhdid sikei wedg@I8@ dr@hansalar at 51208 sedh dshesubstaRdiyFenrhéd shown
in which clip-type structure nmay be enployed.) By virtue of such

flexibil iy, HBSNeks IRikeliaPBRL UbloeY. b 38ht bl LAGE FRIDORR 01 Use

with any of a'v mref ci al ['y "aval est strips t'o be used with

a neter according to t resent invention. O course, flexibilijy exists
" Gest gni ng T wrhhebl BB R HE K R AR St e ER L pgrtiam ekt et ve
or other neans) with a wide variety of test strips - both, present and
future. [00l COFTCTBSIRERENE Hat isRepal e i ek nHY Perany sHitsble sheper ence to
certain exanples, optionally incorporating various features, the invention
is not to be ihélndingcbut mot hmitséto, spsstatisly rdsteshguifheblongestuasnova, not | i mited
to the uses noted or by way of the exenplary description provided herein.

It is to be whdelastdiadoid)atarighiar btaastt.h Adlitiohellpiesait-plesiggtieditni S to be

limted only by the literal or equitable scope of the
may be tapered or may otherwise define a point or apex at its distal end. Such a
configuration may take the form of an oblique angle at the tip or a pyramid or
triangular shape or the like.

[0085] The dimensions of the skin-piercing element may vary depending on a
variety of factors such as the type of physiological sample to be obtained, the
desired penetration depth and the thickness of the skin layers of the particular
patient being tested. Generally, the skin-piercing element is constructed to
provide skin-piercing and fluid extraction functions and, thus, is designed to be
sufficiently robust to withstand insertion into and withdrawal from the skin.
Typically, to accomplish these goals, the ratio of the penetration length (defined

by the distance between the base of the skin-piercing element and its distal tip) to

diameter (where such diameter is measured at the base of the skin-piercing
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following clainms. LFS-232 38 W claimCains 1 A lance elenment for
attachnment to a test strip to access body fluid and convey it to a test
strip sensor, said |lance conprising: a substantially planar base; a

pi érci ng el enent conprising an openi ng occupyi ng a substantial portion of a
wi dth, diameter or length dinension of said piercing element; and a fluid
pat hway in conmunication with said opening, wherein a pooling area is

created W t hiefenidh®) i§ ffolatinat 326 4, @R8N AbuRas 11 MeY dsudlly Mous 3itel 1 R er ci ng
el enent into the skin of a subject. 2. The | ance el enent of claim1,

wherein said.flui i iyrensioned to apply a capillary force on
fluid presentlfov%aytl%nﬁ%tsfaﬁ@%f)%g? ?Ongear ea . 3. The lance elenent of claiml,

furt her comri sing_a recess wthin a surface of said ]base, wherein said
recess il80864 1| ui dThedpiRlisnatialshe shiln-Ricsang clspientsignerally pangss fromy abpt

conbi nati on conprising: a conplete test strip conprising biosensor and a
support nmenbdrtp 38,00paiceine, wsaalky fromesbent 160 tod ¥ mioraaiadd tres¢ ustailyp, sai d
| ance el enent conprising at | east one piercing elenment and bei ng adapted to

convey a fl uifebns abaul @00t i3 80 ni¥rondl Fhephedetiafion Rin@fEdTithd SkigpiddciBposensor .
5. The test strip combi nation of claim4, wherein said test strip has an

el ect rocher i SANEL ALY A iy TR § 355080 FiReAOTRLATLESR 19 61 &1 m 4

wherein said test strip ha onetric or colori c configuration.

LFS-232 39 3000 microns and more usually about 1000 to 2000 microns. The height or

thickness of skin-piercing elements 38, at least the thickness of the distal portion
4, typically ranges from about 1 to 1000 microns, usually from about 10 to 500
microns and more usually from about 50 to 250 microns. The outer diameter at
the base generally ranges from about 1 to 2000 microns, usually about 300 to
1000 microns and more usually from about 500 to 1000 microns. In many
embodiments, the outer diameter of the distal tip generally does not exceed about
100 microns and is generally less than about 20 microns and more typically less
than about 1 micron. However, it will be appreciated by one of skill in the art that
the outer diameter of the skin-piercing element may vary along its length or may
be substantially constant.

| [0087] Regarding the fluid-conveying features noted as may be incorporated in
lance element 38, one variation incorporates only a channel 72, preferably of
capillary dimensions, for this purpose. Configured to work with the test strips in
FIGs 2A and 3A, the channel preferably extends a sufficient length so that it is in

fluid communication with the sensor matrix or membrane. The channel may be
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7.- The test strip conbination of claims 4, 5 or 6, wherein said | ance
elenment is a lance elenent according to clains 1, 2 or 3 8. A systemfor
determ ning the concentration of at |east one analyte in a physiol ogi cal
sanple, said systemconprising: at |east one test strip conbination
according to clainms 4 to 7, and a neter for automatically determ ning the
concentration of analyte in the physiological sanple, wherein said neter is

configured f@enoacsthe dig sidd (Chdrétst takihg itipe femiofa.tredch)ormeth othe diannel
determ ning the concentration of at |east one analyte within a

hysi ol ogi caj M OB -S4l hﬁjq,, MLt Siang b i :he system of
(F:)I ;i m 8 \?\he?ig?%hggaﬂg tes%ﬁgll??ggg{é%iﬂ at ?gnm?’lé@gg%%ﬁ‘% %té]g‘(/:&e]?vedva thin

a distal end_of said neter; i.ng-loading said test strip conbination
within said ‘H@‘EV P;entgﬁfesr tsia(fl@?‘{/)ﬁ‘élgnt acting said distal end of said neter
with a targeted skin surface, releasing the spring-loaded test strip

conbi nal008%, wheridiGs apnf '&Iéﬁg@wdogkagatshfff:raa@amﬁ pindgertiony Insedcl pi er ci ng
el enent; and collecting sanple and applying it to said biosensor. 10. A

met hod of prfiglse| ageassédpdling ateh g4 neprlooidied odordapiliagy ispequiedittigardy | ance

el ement as described in claims 1, 2 or 3, providing a test strip having a

substrate ang,RiRsen® obnﬁggreafsmegs%teﬁaabevémﬁa IEARETRIirl 85 GrahQesai d test
strip. LFS-23 2 40 .Af@A “Au . A .AL; F. A3. A AY. A&aF. A. A3. A&u. AF. AL A A

: ﬁ'n |A;: Gﬁ? 'B(A\?,’ Zég‘mAﬂrEe (8t 418 LS00 66 1 i { Vurfatioh 3t MehhvdiBioA T ThL phvplsd®

}eoni d_7]cal ca) cal cal cal el ca) cal Rl cal cal calcal 5al ol ehe hSah o o oal oa

(as well as in FIGs 5A-7) is to create a space or volume within the pierced tissue.

This space serves as a reservoir within which bodily fluid is caused to pool in situ

prior to being transferred to the biosensor portion of the subject test strip devices.

As such, the availability of a greater volume of body fluid can be provided with a

tip that is smaller and/or sharper than conventional microneedles, thereby

reducing pain. The greater availability of body fluid also results in a faster

collection rate of sampling.

[0089] Generally, the space-defining lancet configurations of the present
invention create or define a space within the pierced tissue having a volume at
least as great as the available fluid volume in the reaction zone of the biosensor.
Such space or volume ranges from about 10 to 1,000 nL, and more usually from

about 50 to 250 nL. Such volume occupies a substantial portion of the entire

volume occupied by the structure of the skin-piercing element, and ranges from
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[0098] In either case, it is possible to separately produce or procure lance and test
strip elements that are later brought together. The initially independent nature of
the products/devices permits relatively optimized manufacture. In contrast, in the

integral test strip devices described in the above-referenced application, certain
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element into the skin of a subject.

2. The lance element of claim 1, wherein said fluid pathway is
dimensioned to apply a capillary force on fluid present within said pooling area.

3. The lance element of claim 1, further comprising a recess within a
surface of said base, wherein said recess is in fluid communication with said
opening.

4, A test strip combination comprising:

a complete test strip comprising biosensor and a support member;

a separate lance element attached to said test strip, said lance element
comprising at least one piercing element and being adapted to convey a fluid
sample obtained by said piercing element to said biosensor.

5. The test strip combination of claim 4, wherein said test strip has an
electrochemical configuration.

6. The test strip combination of claim 4, wherein said test strip has a

photometric or colorimetric configuration.
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7. The test strip combination of claims 4, 5 or 6, wherein said lance
element is a lance element according to claims 1, 2 or 3

8. A system for determining the concentration of at least one analyte
in a physiological sample, said system comprising:

at least one test strip combination according to claims 4 to 7, and

a meter for automatically determining the concentration of analyte in the
physiological sample, wherein said meter is configured for receiving said test strip
device.

9. A method for determining the concentration of at least one analyte
within a physiological fluid sample, said method comprising’

providing the system of claim 8 wherein said test strip combination is
operatively received within a distal end of said meter;

spring-loading said test strip combination within said meter;

operatively contacting said distal end of said meter with a targeted skin
surface,

releasing the spring-loaded test strip combination, wherein said targeted
skin surface is pierced by said piercing element; and

collecting sample and applying it to said biosensor.

10. A method of producing a tester, the method comprising:

providing a lance element as described in claims 1, 2 or 3, providing a test
strip having a substrate and biosensor; and

attaching said lance element base to said test strip.
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