; e3et R*O6f T~ M -1 COMBI NED LANCET AND ELECTROCHEM CAL ANALYTE- TESTI NG
APPARATUS Fi el d of the Invention *%mmmmmmmw application relates to an

el ectrochem cal apparatus for the anal ytes, gy iggul arly
gl ucose WPRBFWSd or interstitial fl uidyseBackground of the | n@g{‘]’ﬂ on

G ucose nonitoring is a fact of everyday life for diabetic individuals, and
t he accuracy of such nonitoring can tlterally nean the difference between
|ife and death. To accommobdate a normal life style to the need, for
frequent monitoring oOMBINED EANCET AND ELREGEROCHEYIGYdse meters are now
avai |l abl e which permt theyNAGWIEITRETROGIAPRARAFUR0 gl ucose level in a
smal | anmount of blood. Many of these neters detect glucose |

.sanpl e el ectrochemcally, by detecting the oxidation of bl oﬂmﬂuﬂlﬂlmmgmm#l ng
an enzyne such as gl ucose oxidase provided as part of a disposaple,

si ngl e- uBieldcafdhe IyEgliol st em Exanpl es of devices of this type arf&®¥f scl osed

i n European Patent s 12 g, dtRRhshical aties foft theSfebectibn 286, 362,
5,288,636, and 5,4 ,8983811 z’gﬁégtre%@ncorporat ed 15 herein by reference. To

use thes&aﬁ&é&%ﬁd EARulSI§ ighoks; ks bivod oniysersiitial dubdr body part to produce a
smal | sanpl’e of bPood or interstitial fluid which is then transferred to

t he di sposabl e el ectrode system This can cause probl ens, because of the
need to take several peasurenents a day. The bi ggest drawback to routinely
drawﬁng Bagueround . Ne NEIHAN i s 20 the pain inflicted by the currently

avai | abl e | ancets ' itetihe td I e evesday lifefordisbeti@individiiads, ted of
sanpling is the ric lu%(gsg%ﬁnétrégh%igd% t he ?Elsr’] of the finger. tip_ which
readi |y yealc8igrady 6f swhahoritoring cém Gterailysmedn the differanee befvrgaife fnﬁff deathy) 5o

rich in pain receptors, and .the_paip is jncreased when.the:[.nclSi | S too
deep, or Toaceasnmefasa nosmal hféé@ﬁ{) tot %P‘éqdéﬁf Bﬂ“‘?ngmr?&@‘a%ﬁf@ﬁ%ﬁ%%&%é%ui ring
an additional ingi.sion. I i efdublftotté®thed cutting
bl ade peRASPPREES AR %&giagevﬁ%%%ﬁv&? s}ﬁghvf?h%reﬁ(gr ml)lre? the user may

be figy ce }&Bs&i%baiﬁdﬂﬂ%nd@ebm@m.t Whany o fesemeteas geteat ghicdes intablged a
drop of ood to formfor transfer to the measuring strig., Because' of
this, di thmaplerdectieshgmizaliybyldetectingthgeoxidation RihloodEHHFose BHBE BRI are

desi dto facilitat f. the device. i ¥ t i 1/ 64105
O e s s Sxabepodst ehPER ! bsRaithic TbleHlE (RBte pilEb
oy . . _ | g 84
evi ces aﬁx%ﬁ?@@%%%&%ﬁfﬁé £01scNesd BB 3gedh Titerd NOO0,132958 5and 135 584
|

5,879, 31 are incorporated herein by reference.
| nt er nat ipgamks Waé. SIL410888, 5,086,362, H\RES,0A60 itd 5432999 shiqhy8 ingomopated f or
collection of interstitial fluid. The device can include a nenbrane on
whi ¢k sarhpetein by refotenget ed and dried. This nmembrane is then transferred to
an external device for ealﬂgieﬁétgs ﬁ@‘ﬁgerg}dckpgﬁ wvmhé}%hyggﬁf[@prddheea

? 8F 0 g]i y a di % ic

el ectrochem cal non 1 ng ucose abetic involves a two-step
process, éxﬂmmhghe 5461066 biintegstitial Stidpiietk éxthem treiferred t thadispesabled t hi s
sanple is transferred to a sensor for anal ysis. Thi a (Eiaigentslseveral 10

dr awback seledfiods systeme Thiseanpause rroblams.diecylss od thefiese ¢ 8P on appar at us
whi ch requires a measgure_of. .dexter] |08 bR&vifl fh1dddQarhpfs i§ he

fi nger me@swp@i@é%agy-f&eel?lgﬁ? 8{&%%1%%%?%% sens%rgﬁglri meter. -Second,
becagge q L Snhlcanst hh6ntR ANAb16 fanbbie of fiagertdtickihgaievicas (The mhostm t he
pati gg\t r@?bg% I nzfpprosgirhlegte for the sensor, either being too little. to
provi de afiyvaied #itabe sampling ie tenichonapiitary bedcof, thaskin of ghenfinges tip 7duch Kadd¥ount

of pain lgieﬁli 3%%5 gfe ‘Slo\gld tfr%n;[ Q gm i 81(1:‘:6’9% Eﬂger tip is also rich in pain receptors, and

the pain is increased when the incision is too deep, or is too close to a recent incision, or is
not deep enough requiring an additional incision. The pain maybe also be increased if the
25  cutting blade penetrates slowly or is withdrawn slowly. Furthermore, the user may be
forced to make a larger incision than is necessary in order to get 2 drop of blood to form
for transfer to the measuring strip. Because of this, different designs for lancing devices

have been proposed which are designed to facilitate use of the device and limit the pain



US Patent No. 4,637,403 discloses a self contained device for |ancing and
testing blood glucose using colorinetry. US Patent No. 5,054,499 discloses
a coloripgetric. device in which a |ancet punctures an. abs b1 6BEREr

whi ch iﬁgﬁﬂ%éé"?eagents for the colorinmetric detection ofpgfﬁgdge prior to
puncturing the skin. US Patents Nos. 5, 682,233 20 and 5, 823,973 di sclose a
sanpling device which is sized to all"dwit to be mated with a testing

apparatus for optical analysis of a sanple. US Patent No. §, 746, 217
di scl oseassecikted ¥éth the piredhrea Fxapiplesof jancigedevices arsfleserited i HSPalentp) e

whi ch is_the | t.r os i capt | | S

pat ont 05 S B S ol L B8 PR PRERT, B3P R 0.287 WMt B s otusd
.skin andyt he Endeesul ting sanple of body fluid is 25 transported for
anal ysis'Tn amn optical system US Patent No. 4,953,552 discloses a device
for el ectrocheni calnighatioss PdnePtblivatiom NehMWaDO5/20223describes aglemsedet ng t he
_electrochem cal signal are_coated directly onto the |ancet. . and thus cone

i ,
i nto coneellectign Pﬁirg?réﬁ@%r%‘ﬁ@ Tihe dryice anrindiude ymepmbranean which SaMpIe]S ¢ hj s

device, there i . SPkd 1.on: | s eis """
si mply p?‘ggeggeg aﬁﬁ@fat ?g%u %ﬁ’fﬁﬁ fgs@lﬁ% es %%%ﬁoo e%#&?ﬁ?agﬁ%?‘? udrigggis'

di fficult. Further mggof theWktdbivibdehidesfor thEElekodlctidf tonitotiag efighicose t he
| ancet and reagent are inconvenient in the device as disclosed, and nass

pr oduct i by adiabetia soodvesaudivg-diep proedssciniwhichrthgskin isdirg piesped toobtanm f or

| mprovenent in e manner. in ich fluid sanples.are.collected and

anal yzed?a@}ﬁﬁﬂﬁ&a“%ﬁam 1§ F%‘E%}F °W8’1§5’F3%@Pﬁism qgﬁseﬁsﬁoﬁvg an

| nprigved | 1682t frtdefidti6h aphratus which requires

el ectrocﬁ%&mggﬁﬁre’ﬁg%g%@%ﬁg??% sugﬁ as gl uclosae‘?ﬁhir?l %?Vood q%

i nt er st i §indlasifrk Wi dextEhiey taplign diedrop ofiblood @m the fingarwitinthe sampleerecavingnd an
el ectrochem cal i 0 sensor. O _these conponents, tge net er isf ieferabl y

r eusabl eepeuing ef thesensen eemetsnd Sesnudebecapseaiiibisitanies dhgpourof Blagddap y

i ded f i ngl.e- use. Th | ' : . di d
bt b o s xSt S5 i pRREn T bo HRbbrob R P B8 cBndh GihBbeiE ity oS
connect og, gﬂom%ﬁ%%&féi HedshRnitay 6 109 rinh, ¥REHHaAdnaBase tiecimeaiofpaial

sensor specific for the analyte and transmtting a signal 15 indicative of
t he I@nouassocititedrveitly the prageduze. di spl ay operati vel y-associated with a

connector for displayjing the f .the an te.t ser.. The .

el ect r ocheni cal ser@%j? atggt g&a{@ﬁ%ﬁsﬁ&gﬁe&&SFﬁJ'rﬁéb‘fm%ﬁ%a%ﬂ"Fé?ﬂ lgpeingapd o |
addi tion,__f. ] : r - 29004 ol ;
accepti nées{rr’ﬂégggdro a%é&ggtﬁg%%eélfo a sanp epgdfmsblleg'o%@soﬁ [ ntlgcrlgﬁgtg rcg}mfgff‘% In
one enbodiviesin whichkdandey piichmes amblesorizent arasdter whidnigelpdes reagdntefoahear at us,

the neans 20 for engagi ng and novi ng the | ancet ves the |lancet fr a
initial polorimetc d@g@%@ 1&hyqege prior t% puncturing the skr1r19. U§ Patents os.e5,682,2%r?

20  and 5,823,973 disclose a sampling device which is sized to allow it to be mated with a

testing apparatus for optical analysis of a sample. US Patent No. 5,746,217 discloses a
lancet in which a capillary tube is used to capture sample, which is there analyzed by
infrared spectroscopy in the capillary. US Patent No. 5,879,310 discloses a device in
which a lancet punctures the skin and the sample resulting sample of body fluid is

25  transported for analysis in an optical system.

US Patent No. 4,953,552 discloses a device for electrochemical glucose
detection in which reagents for generating the electrochemical signal are coated directly
onto the lancet, and thus come into contact with the sample without further user
intervention. In this device, there is no spring action to drive the needle, and the needle is

""" simply pressed in by the user. This makes control of the puncture difficult. Furthermore,



position in which skin of the user is pierced and optionally back to a
retracted position, which may be the sane as or different fromthe initial
positio T ectrochem cal sensor is disposed such tha e

upt aki n&”grﬂgﬁéidépti ng nmenber takes up a sanple fiomthe pfl)ce?@g(c’iﬁ@g@n of the
user when it is pierced by the lancet. In an alternative 25 enbodi nent, the
| ancet is a hollow cannul a through whidch blood or interstitial fluidis
transported fromthe puncture site to an absorbent portion of the

el ect r oclephicemlentsafithe lancdirund redgentare neoneerierd imthstdevich@s disvloned, end prasyi des
an apparatus wth_singl e-s}dgl? ‘fﬁig tion i'n which sanpl e acquisition and
anal ysi sProdugiionsef sgnsers yiopldghe ¢1 tngl e action of pressing the apparatus

against the users siig ibiehoHkinDRGR? ARk IR SRS Bharii GaiguakRg. The

-

invention further provides a ne I Nc single step procedure in
whi ch bogdmsiasle@otiested and aralyzedd anal ysi s are achi eved. w0 01/64105 -4
PCT/ US01/ 07169 Anot her aspect of the invention relates to di sposabl e sensor
assenblies for use in a nmeter in accordance with the invention. Such

disposabge sensor..assenblies may contain just the sensor in a support

sui t abl M@ﬁ% 98 the neter or both the sensor and the lancet. In
the latter case, ”I‘Bega‘résféﬁtsiﬁ%rﬁioﬁ _Elesaa‘iﬁﬁ{ﬁ?b\ycd%ﬁm‘éﬁﬁtféf detédtRna@Asor and
one or nore |lancets, or It nmay contain a plurality of |ancetlsensor pairs.
Bri ef Degeadntiiticinofein dléwrochamicaiysdétectable anklytes suoh a8 glwosgin bloedoof an
apparatus in _accordance with the invention; 109%}2&.@% - C.,show sect i onal

vi ews of indergdtigldiq.n The apnagatit eomprsss £ RS PEn ct gad sn elegognarpicyl o

sch tic repr 1.9 . f S ncet in
zccaDaansel: o GRS lfohusn e B A1 BRRR0 G rchdiflc> GRRO Akt By T2
sensor f glectSéhehlica Remot arepréiciblehibddedeitsimfie-ufte 15 invention; Fig. 4
shows an exenplary sensor assenbly for el ectrochem cal detection of an
anal yte; Figs. SA- Gheioeterunibeaniprises  hbusingrartans flisposed yeighin e haysing for

i ncorporation in or assenbl écg accordance Wi.t h t he 'thé??tion'

a sen | 20
Fig. SD SREARNEAIFGRLANE MW jangetspamector disngey Wibea Aedisige wi t
the invegg éiBaging an electrochemical sensor specific for the analyte and transmitting a signal

15  indicative of the amount of analyte, and a display operatively-associated with a connector
for displaying the amount of the analyte to user. The electrochemical sensor is adapted
for detection of a particular analyte. In addition, the electrochemical sensor comprises an
sample uptaking or accepting member for uptake of a sample of blood or interstitial fluid.
In one embodiment of the invention, when a lancet is engaged in the apparatus, the means

20  for engaging and moving the lancet moves the lancet from a initial position to a piercing
position in which skin of the user is pierced and optionally back to a retracted position,
which may be the same as or different from the initial position. The electrochemical
sensor is disposed such that the sample uptaking or accepting member takes up a sample
from the pierced skin of the user when it is pierced by the lancet. In an alternative

25  embodiment, the lancet is a hollow cannula through which blood or interstitial fluid is
transported from the puncture site to an absorbent portion of the electrochemical sensor.
Thus, in either embodiment, the invention provides an apparatus with single-step operation
in which sample acquisition and analysis occur as a result of the single action of pressing
the apparatus against the users skin without necessitating movement of the housing. The

" invention further provides a method including a single step procedure in which both

sample acquisition and analysis are achieved.



Fi gs. 6A-C show an schematic representation of an alternative enbodi nent of
the invention; Fig. 7 shows a cross-section of an enbodi nent of a sensor
assenbly for use 2% in the enbodi nent of the invention shp@p@k&ﬂﬁig] 6;

Fi gs 8A-YOMEAY further enmbodi nent of the invention; Figs. and B show
the preparation of a sensor with nultiple electrode sites; Fig. 9C shows an
apparatus in accordance with the invedtion; and "" Fig. 10 shows a
schematic representation of the el ectronics which can incorporated in an
apparatus in accor dagther wipebt dffthe investivi yetates to\M3posdbie!mSor Fs@ablids| forl
Description of the Invention PCT/US01/ 07169 The apparat us of e %sent

i nvent i owseiin aaneteninggeerdanre| it thednegntionn SpGR ﬂ@P%ﬁ@Bleééf% iaﬁﬁ?ﬂégi& t

[ i f . f
SiTe 1o iR ey g coppor bRy EhyBlaehl}P AEERLE of Bt EETL 17 e

-

whi ch 1 hg, £hE§icoN 1aShd RitePERE MRS %sﬁ&saﬁlé@ﬁﬁ&r&s@ﬁi’olﬁ ufiplodjtadf oe Jesol t are
r(i.e

| ocated, a cutting nmenber (i.e, a lancet or hollow needle) and an

el ect r ochehomadr merdarcetsToeit elaycontathe pluraity ©f lancet/sepsar pgE8. an "sanpl e

upt aki ng or accepting nenber” for the uptake of sanple. As used in the
specification and clains hereof, the term "sanpl e uptaking or accepting
menber " éO commnasse \é%fa iSosTet hods for achieving the direct transfer of
a liqui d—%%ﬁ%ﬁgﬁnm%‘—m%ng site to the el ectrochem cal sensor,

i ncl udi ng but not Fﬁﬁ;ﬂltsﬁdwh@n@b&ﬁbﬂﬁiieweoﬂmt@phm,inawblndmeaﬁﬂithk, sponge
or absorptive pad, ich take up liquid and cannula's through which |iquid
i s transimveniéeh; The uptake of liquid may be a result of inherent
capillarity or surface.tensjon forces.resulti.ng fro t re of the
absdPpti ve materi af 1852 Félts%%wg?"(z?‘@n “?‘H%OtﬁgFﬁg??a::pﬁé{ﬁg%%%#ﬁ%nnul a, or
it my b iggtive absorption stinulated by application of suction. In
fact, the team’™ sanpl e uptaking or accepting nenber" shoul d be understood
to enconpass any nagss3AREshewalstiesndticaneplesentationsefiapl asrangementtod théanpl e site
to the el ectrode of the sensqr. Faor exa e,. the | e uptaking or

accept i ngenserans the bamcet @@C?Mawetw%owﬁwt? gg’é(ﬁ’%&n’i tself. The size
or vol une- upt aki ng 20 PG4t i i fRber
woul d be infl uenceﬁ%sygﬁh%d\}%fhg)ﬁ'rve£ g&éﬁ%:uge pg&gég{eg%&% &gg%?ﬁ%?ﬂg%fmul d
typigal | ynRgiien the order of 100 nl to 10 ~I. Fig. 1 shows an exterior view
of an enbodi nent of an apparatus in accordance with the invention,  although
it will be appreci &igd shows anresemplrnsensenzisembly fopeleptrshemical dgteplign er of
design chqice and is thus provided here solely for purposes of 25

illustra® 6?1?113%)5*8; devi ce as shown allows for an easy grip by one hand,

whi | e providi ng goqfeyisal Bishbiv¥ spbeitib @nfbodRhéht of hRedflB2 !f&rincdrﬁoﬂaﬁoﬂ&ﬁy to
handl e when sanpling " fromalternative sites |like the palmof the hand, the
arm or t heendot @asembly in accordance with the invention;

20 Fig. 5D shows an further embodiment of a sensor assembly in accordance
with the invention;
Figs. 6A-C show an schematic representation of an alternative embodiment
of the invention;
Fig. 7 shows a cross-section of an embodiment of a sensor assembly for use
25  in the embodiment of the invention shown in Fig. 6;
Figs 8A-G show a further embodiment of the invention;
Figs. 9A and B show the preparation of a sensor with multiple electrode
sites;
Fig. 9C shows an apparatus in accordance with the invention; and
°° Fig. 10 shows a schematic representation of the electronics which can

incorporated in an apparatus in accordance with the invention.



As shown, the device conprises a housing 1 of a size easily held in one
hand. A display 2 is visible to the user on the outside of the housing 1. A
skin-contact ' 2~ ring 3 is disposed at the sanple end 4 o ice,

whil e a WQHEA fox activating a sanpl e/ measur enent cycl%c?@g%?@%%ﬁed at
the opposite end 6. Ejector slide 7 ejects used WO 01/ 64105

PCT/ USO1/ 07169 -6 | ancets and el ectroctreni cal sensors when it is shifted
towards the sanple end 4, and is also used to |ock the device. Optional

button S is used to set the penetration depth of the |ancet. Figs. 2A-C
show seciional . views. of the device of Fig 1 show ng the internal mechani sm
for enga@?@a@&%@%@%&% 20, the electronics 21 for transfer of
.an electrical si gn%efaggﬁhﬁs%fﬂx‘é%es@ﬁ%v&ﬂwﬂﬂs birtégtated laricihg 4 MbBRlsay 2.
An el ectrical contact Is provided near the end of the housing 1 for

mal ti ng édvéed whichldoeonbtaetuive 4 separateeadion forthd tiagsfenofitbe saupledronhthe

.electronics via a conductive_ el enent 23. The ree fi %ures. i Ihugh{egt e the
oper at i opHTSturE gige g S, fon analysis; This sppargifeingRides & Meter gyt Yiic st

position, prior to i Leql A P&iiA m%g:}) | unger
24 is at?lﬁ‘gtﬁoé’dcst%r?ﬁ%}qﬁgﬁg& a%%i? e‘% dggﬁgr?g?r}?éo a gg’f 1!éﬁ’gégu. .gn .ePThe
Spring ig§ eahlAcesdt HolloWieeiR) 68d ardEléctBhbmical sénser. | Eiiecedécticeherhicalsenséh
pushing out on the lancet fromthe cocked position and retractjon of the

| ancet finohdes g Ssapiplg uptaking asaccepting mepsbex] fostheuntakerfipgmpley As wiedine
space defi ned a valve .26 .and S, ski.n pressed.agai nst .t he skinscont act
ring 3. thqépg%ﬁ%@lqnsang WM{FO&;F?/E@% isgéqp%(_ﬂp ii{tmsg(}] ?rha(g%?;r B% ?m!)i?r; from

t hi 3gpspa \ A i Rengads g s Zbni thep! ace
unt ?IO re eggggésﬁngﬁﬁe{%%d%%Ea?ﬁégggﬁ ‘ggecg he cockiaﬁllig;:l but%ﬂglﬂeZ? isepushed
up to thenssligsiRk%o thaelsitrghtinizal senset imhskmdbyt nohlimited to abspeptive nove

upwar ds, conpressing spring 20 as shown in Fig. 2B. The cocked devjce is

t hen pr eg@teglpaggwqhsqs %W&kswoﬁlg&ﬁﬁabf@rﬁlé{?éﬁd’z‘@g% tq%@l“@g%oé‘b‘i) aqfﬁ?agn]llglssm ts in
t he | ancgt asse . hein L4 . tur K shown in
g, 2c epianeh oG bl el SRk S AR EUAT taeblifofithe® MY,

regi on bginigaitylod Sulthddiemior fhréRdesulithSfiom theatuctiare of tHebsomeivematernll ve 26.
However, becauSe the spring passes through its equilibriumposition, there

i s dSbactmthedizernfthoanabysit ¢hanmbenercangulacatbit mayfean actiee ahgorption shravated and
this notjon results_ .25 jn. creation of reduced pressure_in.this region.
An i rrport’)ﬁﬁPPlf"égP’&Pg.SWOPhefngg% @‘@%?i‘fn tsﬁglpﬂﬁ@gglﬂflgf’ %ﬁ?ﬁ%%b% enablges
true oneqglfRbORRIGM0BA1 Snddipal ariindics WA SRS @dnstdh O saigR frabithes ensor

to all ow npl 1 ng thodt novenent of the apparatus. Figs. 3A-C
show a sehiapleisite to thpredaantadf the saisonnBosexaimple, thmgemauptaking or 3¢ceptings t he

device in a ready-to-use state, Tr%e | ancet, 3ﬁ%i;lﬁq?dlspose w thin the
housi ng meaber penld hgdbeectivemertianiiae sruseritsetl A $126108 VORGP shown) .

01/ o7 05 Ceprttrach e Haindier B pPRB In B VRl Semliodaly e Fotypel?

coupl i ngsiiFleds b6 BRALYz4d) whikh Weud ityifcdlly benéh thisiordez @il @€ hl tol FuI3 i s pressed
agai nst the skin of the user, which causes an upwelling of tissue in the

regi on surrounded BRigthshows anaxtanionview phan embrdimentofpaapparajus inct i vat ed,

the | ancet device . 31 noves..do rd,. pi.grcing first.t sensor, 32 t hen

the ski n2&PrSHSRA" thplubvenggn,vﬁtﬁgug%ﬁggﬁ § PPpige f?@ﬁhﬁ"zﬁ? 3%?%@351135’83% %od or

fluid fl Quiieg:dd ABkbISE dtkigh ebliot khdlisthekrolided heRGoRap Sstpunfdsedot 3O . The
y be designed s

sensor ma n uch that the l'ancet pierces the sensor through a
weak25s potillgratiseeThe devidd)s shbminsallowa fosaneasy \ghipdly dne hand,i whidgpraviding t  of
the sensor, may be the sanpl e_ac ting. upt ak ns. Accot.di to an

al t er nat igeed ystiltyRfthe éﬁgﬁﬁemﬂ‘i‘gﬁ?‘?’é 5 et°%%twm 5%%rces t he
skin with ] L ehCl S abddigensensor is designed to
be pl ace&ﬁg#aéY%éées%)ﬁ%ﬁﬁtfﬁh?ﬁ%ﬁgghm e whi cﬁ c|1s obt ai ned by this

pi ercing, so that tAagsiwe, tiefddvive cofppises 4 housheg boNs sive oastlylwldin quart of a
© single-step sanple acquisition and anal ysis process w thout novenent of the

housi ng. hand.sActisplay 2abuigibletetthe uses on dhsentside optheihonsingd. i skivicaniagh to t he

cuttihg device, . and efore in.relation.to the positi of. th 15 sanpl e,
such } hadeieigred shihe e spd A0EBin i whiig < RO 6 B0 fhvishe

proxi i t Y, ORimbAUFRh G cile iSaspYsed hothEREpatitednd 6N FHEtIS iRl ejédieusedt t i ng.
devi ce plerglng t he skinj such that trans?er of the sanple to the sensor is
enabl ed. The sanple uptalting and accepting nenber could be an integral

part of the sensor, for exanple as illustrated in 'g 3D, or it could be an
external, part of the sensor, for exanple wick 97 as shown in Fig. 3E 20
The angl e of the sensor with respect to the sanple can be varied, and can
be any angle which facilitates efficient sanple transfer.

Pt




In the enbodi ment of the invention as shown in Figs. 3A-3C, the l|ancet ~1
and the sensor assenbly 33 are separate. The | ancet used in this enbodi nent
may be conventional design conpatible with the neans foraéﬁv/gébg/ %{kg | ancet
and t he WO6H05t h 25 housing. Various forns of |ancets 8% ed
means for noving the |lancet are Icno in the art, including for exanple in
US Patents Nos. 4,924,879; 5,196, 02565 304,193 d 5,318,583 , which are

i ncorporated herein by reference. The sensor assenbly is a nov 1 conponent
adapt ed Iifdets'ar dlectiocherpicabsensors mhentit is shifted towardethe shmplesendrft, asdisct of t he
invention. Fig. 4 shows a cross section_ in greater, detajl .of. an exenplary
sensor %s@#ﬁﬁgﬁo lock thedevdee @piarbimten S Eféisg‘?: tq ?ﬁ%ttﬁfpegﬁ&% ‘V‘Pﬂ:‘ oﬁgle shown,

t he senzlor %2 has a reagent pad 41 disposed in approximate alignnment with
one edge®i®the opening 42 defined by the s ' WD 0l/6: 1105 PCT/ US01/ 07169

_8 contact ring 3.FEReAqt SRk sebtibed views of thSdades offtigvihshovingiihehousi ng 1
.of the neter bears en the sensor assenbly is attached to the nete

El ect ri ciaternal mexhtsismfonengaghgand naevies Hiedprcet 20.dheypleatrompedl 105 Waﬂsfrﬁhe lip
43 . An ipsulati, d b i ded h dugt iy th
connect ARG clgnal et fhonhgwain FHG 2) 58 B bkl oy Al it G
sanpl e igs b WicH nbland etbo e hofiling oMbt fectritaPéduesbt withiane

LTy
sensor asse%?)rgggpel?ectrl cal contact I1s made via electrical contacts 44 and

45. 1 n thassrensDis consendl ty thé clbétepnids vih heondurtive eBtent23li Shothrer Agliresent to
the 10 15 20 skin-contact ring 3 and extends across one end of the open
space 42illietiitn e agerdiiontdf thkdeyietont act ring. The sensor conprises reagents

41 d el ectrodes . neratjon of .an el ec i < onse
to e presence of {‘gﬁ"&?g‘ﬁe{hﬁﬁf&vﬁﬁ 1Sa%1§8’rnplflieavrt8£t%égn@§ P oorrscggé%rg%llﬁ%gfﬁﬁi d
pl aced Wt i &8Eos BtlspRhg 20E RGeS 4 ishitabhddGo Anellahsed hoet 29 agd tdwe f1 ui d

into reactive proximty to the reagents, and an el ectrical contact for

transmi t tocking thetoal25ct The singds hitanhgd s therlanoet and basrssen thefpncet oalloMt s are
selected to praovide an_el ectrochem cal. signal in.respens Q sence
of anal ypeth puphipg gutonthedancst ﬁ% ?C%ﬂﬁeai’gﬁlgf’%’a Eeﬁ{agg%ﬁf@e#%?h@é &h
enzyme cap - OXi sl 2] I I I XaReek.andnd a
medi atorplg%%ﬂﬁ#%iﬁﬁéggﬁls wle(rafsil%g ect rogﬁé ro ?%ﬁgﬁfgﬁe to théan.

el eatsr odgkih pedebdd a(%ﬂjﬂsﬂth% skBasohtab Hag GurTlentalwehie a opb-vwayselvewhick permtits
Represent ati ve nedi at or conpounds include ferricyani de, petall ogzlglne

conpoundthedloyhofair frony isespace, fut »inte it haish 20 hpldstaceqcking BHER 2748 cat or

DCPn' i ni | e-subst it uted ] i 9 h
been 1 or Rigpa el TEEreeg ey ol SRR hY EAOTRE tickiog KGN 291 Thlhed AR Neve
exanpl e, 4 chldi @S cafsirpOihe YackiBsabIP ARd M VPSR Eveigseardsompressingt or have

been forrmulated into a paste or ink and applied to a substrate. See, EP O

127 958 smihg 29 & 86036 Figd B Hlhereocked depes istthen pressed asyipstiths ddraed. Fi gs.
e hor SHPR0 RerelpaseihsHiis Fstlnntpe famodmomnon pe By ARVt Bon
Contacts 53 i Ché.lﬁéi&ﬂis E&E’?‘é fn Igg.ri@.dm?mg R RowaRdHE Iy Rl Présste dobs | N

t he enbogl rrce own | three Set of contacts and three sets of
| eads ar @of @eRREE Ihahe regiviebdruweenvihe plunger24 and theskintiectuseaddenons-82y and one
reference el ectrode: The contacts and | eads are sui.t.abl fo{iﬂrrgghfrom

conduct i velve26bEowWavrs beeguse theFhTiag passes Hyensh is gauilhrapn ppgt IPL3% be

used. Th | ect.r odes f o dag: e
oot ¢ abl y SPERTALRE Brtan ShthensePRgBApEYa R ol {chlie sty B (e RBASHISURE T
O / 675105 i1 fheRedhiIROErQi0E6@ preddie Bithssregion. 51 may advant ageously be formed

froma material which is sufficiently strong that the lancet wl| @ot
pi erce through the Anlmsportantfeatre of thie deviseof eprassnt Byentigwhichsnableses i n

" 51" noods w8 omevERaReTR gl TAaammetal she AR apf SR Cly ARV RS T2

pass. Sui i ] atmed. BALOEROW Al s¥Behsic Strips, high
< density 6‘%‘?9%?% eﬁ%ﬂ%ﬁﬁ%f)?%ﬁ%&?ﬁig lﬁ%dc?%o%eso have beenc formed, a w ck
| ayer 56 rifrefintutiof ofvee sidhearmpganeg. Fg.7d shdves the devicothea reaiiyrdo-usk sigtet he
reagent pads 52 (Fig. 5B). This wick acts gs an ab gétg%gt menber to. draw
sanpf'® i riths lenpst bisisposed wihindhe housipg { jdds engag 1 RoTSHYgbrevne
materi al g 1 pel Udg HbeR). "% sedsBr SPPB2GRDER of I WRGF hsseRBLF SPHabiRhides k | S




necessary, as when the hole 54 in the substrate 5 i inherently provides a
capillary channel to the reagent pads 52 of the electrodes. Polyner film
| ayers coul d al so be used instead of or in conbination w tPGTﬁJS\M/ﬁ‘ylé'&O
define aWQMWe% y channel for absorption of the sanple to the el ectrodes.

1 S Over the wick (if present) and the el ectrodes a print of an insulation
ink 57 is provided. The insulation i mk’ hol ds the wick in pl ace, and defi nes
the path through which sanple can mgrate. Thus, the insylatjon ipk

i ncl udes tlnskimpeonitact mirg/3 ﬂg) acoliar S4gomcqupling therasesmably;te the; S’l‘?&lqe ﬁ“l? and a

ti . region 572 .ext endi ng. h .ol et r odes.
SNt Aot o SER- o Hn 205 DI AEainb B Sk R RER WK Bais &l el 881 T 005N,
.57 for "éél{kggfiﬁ@{ n $irfdini&enyRletkin-CRtdcoRAg) Whea thofevieyRnactivatedyehadded

to protec reaCtants. Such "a top cover could be made form a polyneric
fil m suchamet @elisest moves hevseard ppicningringthe Sensor A2 yndthen sbedon agishgwh a

.skin contact ring and collar as shown in the_ Fig.. Ei g.. 5D,shows an
al t er nat in&ig 3% ?Blﬁrlam%ﬁ.l isthen setragted; andjoed, Wgh’vﬂﬂggogk’fhﬁ p&%ﬁ?‘gct ring
3. Acollar 534 i ffixed t i (R nd sized
to recei V¥ ‘H’é’kﬁ@? i‘?e ¥ IS@g'o#&f ﬁ%@%g or uﬁlbt%lﬁe%gsri%%‘%%%% tg?%aéf%e a

tight s e?ier@@éﬂ&@@&sbh&r@@éﬂ BvefiBornd (de8 Figli3D)alThiywreald spohovhieh #vanuni t  S35.
A contact S22 on the distal end of the nmeter unit S35 rmakes el ectrical

contact ditegr pyrtof the schsorcoay he tharemplenpsening Wbakedne®s. (f or exanpl e
contacts 53 in Fig. 5A) .. " Figs. 6A.and .6 B sho t ke o ation
of an alternative eﬁ'ﬁﬁ%ﬁ?ﬁﬁ? aﬂﬂt?rﬁle%%yﬂ%#q\?ﬁﬁﬁﬁlﬁgﬁ(@ge@ l'éﬁ%liﬁgﬁg‘%at 61
is ajpol | ' : iSs JSGhé QekBPis-dbGicned acignt to

t he %Qns ?éﬁ‘ggsaﬁl%%ie ‘gfrﬁ%dé{%%%péﬁgﬂﬁg% %gnsor&%mgagﬁpe falqlrsi catgggd as a

si ngl e uRilicedtih elbsé proxdmitedo thetsampldwhish isyottaihed by $ds pibingsadhatdransier r abl y
i ncl udes a skincontact ring 3 which creates pressur? to di.spl ace bl ood or

i nt er st i tafdhe sanple toythe ssrsox opense pLPEt of 2HREIG-SRP SAHPT apquLtiyan *Ihe

device is activated, the |an .t h S Sifeht ywards as a
unit to ﬁﬂ%@ﬁ%@ﬁ%@ﬁ‘ﬁ?@#%‘?%}n& ﬁ%%%rr% eelﬁlllss t%%tha%régﬂv\%wup t hr ough
the | ancefoshRinkd e fPatioto tild e Héviéd, aRd iRréfbe inirelattomt the positiom of thel ong
enough to permt sufficient sanple to be drawn into_the sensor.

Al t elfat i saeipfe, suttethabthersempleafptaliing prarseptingpeans Wopld ke jn elage prOXEREY ¢

ith th ti devi j d wh ffiCi .phe
e e adiig BsSals ke S o ept S8 et s BBHE 10560
faci |1 tat g Btar yGsASGr b sfndRt B Whlkdiis BN o, fiblngn@t he

signal to e use cient sanple has been collected. Fig. 6C
an appar ajd¢spting Re@befesulébat intégdrel panvafithe semsom for examylecass Bnshatedain

of the type shown in Figs. 6A and 6B. In this apparatu t he sensor f2 has
an integr3p, ¢reihé@%1déi,an&mfm%P§‘Iti°§Q’fﬂsﬁn§°éc‘gf 9’&961%15“3"]? §7§§£}W8‘{P§P%g Ftion
67. e distal .15.en : 1L St ' j i ﬁﬁﬁﬁ% gai nst
t he é@i n Jgﬁe fHee 82@?%6%3%‘{1%&%%}{1&8{@o%%?@lggﬁpgé%S%Erai’ %d%%ﬂg\d thele}(f;1 posur e

of the | aparh thallidsaratiest fnpldanstar s skin. Wen the apparatus is
fromthe skin, the spring 66 causes the first housin ,poré.iéo'qg 67 to fove

outward, to once agii thesmtodimenteofdhrinyentionasshowain Figge3 e lgnest Sl

| tri | tact with tact 2 ich i f UENd:S . | i

W th t he But e seropAebl 5 Ry Sebutfnd e jrosbnsell i g e Bo@iRh fua b of

di sposed p&ﬁd&hﬂoﬁaflﬂgﬁgﬂggﬂgéﬁbww&ﬁﬁe Biausd P nftirgOhe C4Rat drdghasizEof ihen t o
ood or =

drawin b I"ui shows a cross-section of an enbodi nent of a
sens@$ asheudihy, Vafousformsof lecasrinutiissesisted meahe:for maving e lancebarelknowny. 6.
he .
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component adapted for use in the present invention, and itself forms an aspect of the

invention. Fig. 4 shows a cross section in greater detail of an exemplary sensor assembly
20 for electrochemical detection of an analyte. As shown, the sensor 32 has areagent pad 41
disposed in approximate alignment with one edge of the opening 42 defined by the skin-



adhesive. A hollow | ancet 73 passes through the base portion 72, such that
the hollow interior 74 of the lancet is in contact wwth the sensor 75. The
sensor may extend over a greater area than the collar portj own, or
alip exWeHdtPSf romthe interior surface of the collar n&&}?@rgofml?;zed to
hol d the sensor 75 in place. The second portion of the '" housing 68 may
bear on this lip, or in the enbodi ner®-shown in Fig. 7 on an annul ar
surface 79 surrounding the collar 71. Electrical contact is nade through an
openi ng édntidiiing 3. TB: 0dlid A@%Thas 4 lipPGTgakei whichaiee bousingt ofthefoagter tRAIs f or

exanple via contacts 77, 78. Contacts 77 Zﬁ rraiy §| SO li)e z{/or on the
i nt er i or wien thegpnsos @sseaiblials a¥aehaddn thepmgtesoRlegiicabcqpiartsids, and 223 e t ype

.of structure.gs,sho in Fig,. en{s: . | : | tly on
t he | anc®eS%S elﬂ?{o'ééﬁ] AhRr ﬂ'ﬁ&%‘?ﬁﬁ?gs.‘&@hé@é gﬁ%&rgda ?urets‘ﬁgfﬁgdn‘g%giﬁ?rent of
t he i nvegdidaBrivikBetde¥ @@ coRflctits bilociar uatheyvidinity af timreagent padrivhgn

.function) or performa test procedwe on demand fromthe neter. In the
| atter chgeid shinplespessettouBihey tigihavsimgd efthemsterisinsesedin thesseY sensor

i da tjni hani sm f t omat j cal | | irs at
D cdof | nessemblyn SearER Gt R a Bt Rtk AR 4G e nterval s
related to the nu"?ﬁfhe%@nﬁraks%ﬂﬁ%é?ﬁ@@ fhP8drlsSr 36k diSpdsbe adjneuiiy @ee Wit h

;
whi ch testing for e target analyte is desired. For exauaple, in a device

for testiag-coffachtingd 264 sgiesds acréss lont ead vEthe apertpase 42 alefiped with theekini ne
interval is suitably between one and four hours. This results in a need to
repl ace témattaingetTheasnnsr sompripesgaaneats 4 ndicdscligdss for SEDFIRUMHPEA wi ce a

day, day, . { day. The. b . ,
For 160 plearadeiy SR Tobag o6 piR¥ice Rl il 8 s o0 BienRP Khrcr
Thus, fogﬁgﬁg'ﬁﬁd bRcddWitEiRIRe Séntidl bPGHing ¥f thb aingiand thseting theviblid (us

determn he difference between two successive neasurenents), the
| ogi ¢ ci reastive proxithiy tethe reagentshandoumdleeitical gonigctdfor frapsaitiingthent er val

e ool TESS ST St U SIS LG hisg | oo
2001 065 eyl Tyl B 8538010 e RLEAD oy teleaslotasaisre oot

i nterval gre varrations 1n results. This baseline

t est1§ nt @pitalle FEA%emE wosRbintiade ah knsyulis eapabletof meikizing ghuvose (for ¢xamplest
cycle, or it may be shortened as described above in regg)%_gse to changqes I n
n

gl ucose |ghwessoxidass) andis raediatorsempeyndawhishHansimsplecho 1} 1he EREYHR

whi ch the housi ng cont.ains a uralit I ' leSidifde Wat ch
ype.  or it SHrafkRRiRE i SRz bR el P S ent R imeichidie, 12

housi ng §lc AR EoribéiiHs 8RtudE¥erdtgusitia nbaBocnb @bingBusdstacB 3s fenocengh whi ch
contact is nade between the [ ancets and the skin of the user (shown in Fig.

8A), and quinomes,yihdrazditm(slismedixingicgtor SKYPIBnandhimidazie-sulstifute QU 41 o

di sp]l ayed. The device .nmay be sir d like tch arqun WL St of a
user,&?as C@ﬁlmﬁn‘g% ﬁf’@;h%?leg;oigggg{)e e tg’&&@ﬁ‘iﬁ imahis g?ggtro%ﬁ“%ég?%

pl ace, t i ' ' \f condbE ! Sk dse BRIGaBEand

aut omat i @W¥ngfg$ngﬁﬁxﬁ%ﬁ%%ﬁgﬁogct [ oﬁeﬁgét)t % useer and ﬁlearesult
are di splaydator hivl beet fadmulated irs agpasts mindyandfappliad toe subsfratee Ses, B Ot he

di spl ay. WO 01J64105 -12 PCT/ US01/07169 Al terngt ively, the device or the
sensor  di ¥ 958,anddUS 81286 362 adnshaye Mcorpaaish ewein 8y Frfetstes-ci n- conpat i bl e

adhesive). This pr Oﬁgg.e A o the 35sedibly B R ¥perttid AhiFodiftfett & d sBnSGY S50k he

25  incorporation in a sensor assembly in accordance with the invention. Contacts 53 and

leads 55 are formed on a non-conductive substrate 51. In the embodiment shown in Fig.
5A, three set of contacts and three sets of leads are formed to create two working
electrodes with reagents 52 and one reference electrode. The contacts and leads are
suitably formed from conductive carbon inks, although other conductive materials may
°n alsobeused. The electrodes may be formed by printing. Groups of sensors are suitably

formed on a sheet of material and then cut apart for use.



need for a strap. Figs. 8CF show an expl oded view of the conponent parts
of an apparatus m accordance with this enbodi nent of the invention. C osest
to the bottom side 83 of the apparatus is a sensor disk 8 sResor di sk
84 correrQe“&"‘él@ubstrate 810 on which are formed a plural ?ﬂ/—{}gﬁusensors
812. Each sensor includes a reagent pad 814 in contact with a pair of

el ectrodes 816, 818. The sensor disk-84 has a central opening to allow the

trigger nechani sm (the spindle/ranp) to pass through. The sepsor . as, a whole
i s bonded t oget her Thoswhstrtefi Lmay a vmwews&yb@foamﬁgﬁ@mmqﬁe@&ﬁnqbd@et her

fitti . Ab, d I ith..th di Sk i i
85 (Fi'g. sugbgtenthn ShayeaBal of lanebmint i e Boughite SbsticnBGa, Bugpacer o
.sensor 8%@@%41&%&&%%& MeAGlehf\OF a6y RAEK Aligitbit. TAthis Bas{ AeWevsrr| N

adj acent “se ternatively, the insdlation print or capillary channels
can pr ovindgubdiliate 55 ntatk itohavelm apenimg, Ssamsweakrspatthdsughswhish the lantet 2o, a
.rim822 and a plurality of spokes 824. ‘I('ge fepar at or rlﬁgg 85 is placed over
t he senspassdSusiatia materials fos thebstsatn insludg polycstep siips; YR YR he space

bet ween ea]%htha.%hac?%%ai r of spokes 824. The rimmay include electrical
cont act sPPYPIRSHEHR "signal indicative of the anount of analyte fromthe

el ectrodes 816, 819 mf (RAGERIBS Rivettich fored] a tiick gersais placed ovércthe
separator ring 85 is placed a camring 86 (Fig. 520 8E). The cam.ring has a

ranp por bpening30andthetelactratles, incieding thefreageat padhS2i(Fig. 9B)r B Wick actsas
increase in the thickness of the.camring 86 n Vi t . xed

| ocat i on@?’?ﬁ?r‘l"&’ﬁm“ﬁ’@r gcgd%gssaglpé%mtq ghe Sg?is(?ﬁf‘ﬂ\,%gmflﬁ Pt(;et\é\gﬁe \%ﬁ?tg?]({eg' screw or
si mqlpar [.81d: S ARFRIVE hieQvicl ke openi ng
pr eflgr’j1 ab%@ﬁﬁbgg%t@éée@gﬁﬁ%?ﬂo%g?ﬁ%dq{elgglg?E O\S/\’/ever, 11tz’gl@;asl owt%eng]agerrent of
the cam hbfEs8H, asivienaheholes4rin chesubstrate i intetatiiyngovides @ SapiHenyrchagnel Over

and coaxial with the camring 86 is a | ancet ring 87. The. lancet ri€8f87
has a ri to 84¥0eagedt pads|Sdrafithe gleWOdea-nBekyus%pékééwasz?m%%é obe ot et o

free center end.. The |ancet. rin 7. 1S jab Hachmbiaiset
spoke 84?rF%ccﬁﬁld'?’ﬁ?fé‘??Wﬁﬁ%%%%@%&@%%%@@g@@gs gg‘é’l&%ﬁft ﬁe separ at or
ring 85. ylhQedtijegt spokes 842 are made of a '" flexible material with
substantial nenory such as spring steel. A lancet 844 is attached. to _each

| anckt spoke 842 nedwerthrewinkr(ifpresent) anfl theneleqtrodesa psipbrbarssulaion iy in a
downward, WO 01/64105 PCT/ US01/07169 -13 djrecti,on.so that .t i nt of

t he | ancé$ P@Xlﬂeﬁs%aﬂ-‘&‘raé@nt@&é?@é EICE AR e’d‘flg%egﬂés%@taﬁhatﬁgogggspokes
842 are qf,. eh.1.h ¥ ohlc 104 Faig | £ hbkiITg
beneat h t%%%%@g%gggo %ﬁe ?:Pélﬁ’h‘tﬁﬁéﬂ Sg'leaaﬁggs%igcﬁareigfgssen%]lﬂe\g?@one of the

| ancet spRKRSnrhevtiwitl !eihble 344eT 4 eshtignoasreion S7Rrextendingnater Sieokegent pads

substantially aligned with highest part of the ranp portion.830 .and. s thus
defl ect e elsctrodsm Cpataﬁ@gﬁrrgmam expasad qutside &’Srﬁdg% H@“%&Wﬁl”i%g 86

i's rotated. rtial. turn, fhis. fi I ' deqlibe end of
t he ?émp P&W@S_Zg?ﬁlﬁ %8%%%%&%%@%%%96?&?%% th ekoair?ggr yl%esensor di sk
84 and t Beoki fle Aactaff. lﬁl@h-a_té%céw?& coaldetrmate, foih @ pobymeriifiloh sunheds spoke is
noved i nto position at the highest part of the ranp portion 830, and each

of the otpodyesteancet spolces is shifted to a position of 10 increased

defl ection. Thus, each partial. raqtation of the cam.ning. ] out one
sanpl i ng and masur@?ﬁ?@sﬁ'&f&l\}gﬁ'gf*éi’ﬁ”@ %S?HE‘B\REVQ{}’C? %@%%g@%{:t:}g%%? an
assenbl ed iﬁlﬁ_bsc oWAGR HRPERL h.“gi%% SPRPARWs AR VRERHIRS SHHhiatein. tSe@sdr/a2es Shown

in Figs. ® pacer rixilg 85 1s received wthin an opening on the bottom
of 325‘0U5§uP901$&ﬂ0n Seldis oonidoishing3. Ascollias ik dffisaddoiths edgs af3he slan sonfastng,

an di han th i ng 85 suchthat, i
ol ect ] o aingb AR BEe TR Hh iAo S Q5 e oish S DR OO PR SR  ng.
A Il motor 803 t ; . sl ng.

smal | ot o803, &é?é@%ﬁﬁ" 7't Bital BB BF thein WA BntaB165 20348 thé N9

to rotate®® to the sensor asse , thereby sequentially
acti vat i ngisfahend GBS HEtR WDRT3Bteskedlelddtricabeontdrs dirsctlyTwith i cont&0 Boitions
rcontrolled by electronics 804, which also receive signal from20 the

cont act s &DiBe sprsor@esexample coptadts 4hdn Figahddi t instructions for an
apprqpriate display_to e display 805. A.small vac M.806{ f or
exangFe a menbr ane Bﬁﬁﬁ&angé§£§? 2 SehFFANC SR PRt %Qgggg' W 1Yé t he
housing 804 Bniehféfifie fvetish. Oh N le, FhSMMRcet 8RS & hblow chittuladisposed. Thi s
punp may be on continuously, or 1t may be controlled by the electronics to
be active fox a period of time spanning the activation of the notor to
rotate 25 the camring. Alternatively, the vacuum punp could be activated
prior to lancing, with a sufficient underpressure acting as a signal to
start the lancing cycle. The sensor disk 84 can be fabricated in nuch the
same way as the sensor shown in Figs. SA-C. Thus, as illustrated in Figs.

~ A o . ~ A o o L B o - o

et




" outwards from openings (or weak spots) 93. One of the electrodes in each
set is a reference electrode, while the other two are working el ectrodes
whi ch include reagents WO 01/64105 - 14 PCT/US01/ 07169 appropriate for
gener at i N 81/6418hal i ndi cative of the anount of the targe?CgﬂéﬁV@Em9hbxt, a
mesh strip 94 is applied over each opening 93 and each set of el ectrodes.
Over the top of the nesh an insul ati ed0layer 95 is formed. Once the sensor
disk is fornmed, it is assenbled with the other conponents to formthe
conpl et e xgdRKémdo te Bnsdi? G2 IMRKIlARSt 61 indr thbesnsut 62vcaf bsfabticated aya siaglewhi ch
i ncludes a skin contact ring 96 on the | ower surface. The_ skin contact ring
96 sur r ouniisvhieh isgesdedgnoa hausizgghfonnse: Wherhouping dspisabdginelndes askir er ce t he

,skin of the user..  This opening 96 noyve Lt h the at i of spi ndl e
99, suchSPHEft ’&‘?ﬁ%g’%é%c%gaggﬁ R}gﬁ‘z‘f‘i 'ﬁtdéSpZ %@?Péln‘%r ITI}V{G m%iagﬁdoqm %’ﬁ% el ectrode
sets. In hﬂ&uﬁé@r?&bd"ﬁ%ihesl&%@@61.”Vﬁi&-the9&viéeh§ ab &, Shelaficddafid tiRehaned 10
. by the s& ndl e when the sensor assenbly is put together. Slot 990 in the
top of t lase dnivenctiomvr®@ards dscasnit foepuaictugmihe skian(ig. §18) dho parmpleds thentdpawn
spindle, to pierce the underlying_skin. The upper. case 901 of .the assenbly

seal s t oUpHBIOySE thejanest énthsenspr.c Rhedwell fimegn deppicteine Positinn isilong enoygh o c

i d t ' : . t ' Thi
i | ow. ¢ ndd ROy piBbfet R Kol AU AR Auctharklcly, SBEmAR b 11 °
wher et helye laRc@ingay W in@nly bisddifdctibg) with teRatiaiddvice Beiigimotedlawiewterd hey can

be reused. Because of the seali ng engagenent of the _ugper case 901 with the
base por siffivi€@0 2ampledias beerecsoileoied. Asidissussed in moredetail belew, fhis tiebopticn: wit h

one ectrode set at..a tinme. Jn the case of.a devi "perqanently" . attached

to the siPR Flfﬁleléta%ﬁycfhﬁgsea%tj aflfviees fsé%’ ‘%EFHPP%@? %soﬁéféaggoethgensor s.

Only the spipabes M@&bsaﬁgg,iéﬁdé%e}éﬁhgn&tédIESh | ancet and a fresh sensor at a
t

20 different sanpling si each time. Fig. 10 shows a schematic
representation of tFig. &Cekdwsan appavdtiscin aceordanveovifivthetiedknition indedinge i n
accordance with the invention. As shown, i

] i nput signals are provided from
the sens®@ersoxassemblneLihg tynechgwadn gl'@snﬁfé@ﬁflﬁﬁt- IBrt%§ GPP*F&W“&?B@ SSHSEY gz

d i |, . i NG ' | .
Cr ann B 3 EearmEieRert o2 S I SRR (%3 BL £ Bl BOSSE BoioHed P distl
anal yBi S.endi &f tRé AFL RSN InPpONbAET igpEhtakains: tHe sighay thly useq caidihg thei s

connected (via a wired or W reless connection) to an .outgut di splay. The
pr ocessorcompyessionmfspang 66 and thepappsuye of the ancelfos piefsing PES usensskE: i on t o

e out pl BRR S DRSSt e e SRR SO e rss Sre B pOlng oo 1 11 €
conmuni ¢ %‘?ﬁoﬁ(‘@’f Eb dﬁo@@ﬁ&%ci 'to BRY £3in Shld BeAEHRl ST tBE1aBESRGe sbikoB2 lin

I nformati‘on I nc Ing calibration informati on and previous results may be
stored. Alédtrieal coactiveith poontacti@d witick in fusn Bdh ieleatried] tontadtavithethes WO

01/ 64105 PCT/ US01/ 07169 -15 anal ysis software, This tiner. provide

f unct? onalectioning 21 Siayn EPRICCIOT 23n ¢ VACuUMpRgsE 24 H%@‘épmﬁge Jrithing é?q"ﬁ‘a Pafte

The- o1 moroies habbly Ve Rt Al KU SRRTLRMBR L IR <0ET ) Ton Ty he

data anal ysi s procCeBig0O¥ shows a cross-section of an embodiment of a sensor assembly for use

in the embodiment of the invention shown in Fig. 6. The assembly includes a collar
portion 71 and a base portion 72. These portions can be made as a continuous piece of

25  material or they may be made from separate pieces joined together, for example with an
adhesive. A hollow lancet 73 passes through the base portion 72, such that the hollow
interior 74 of the lancet is in contact with the sensor 75. The sensor may extend over a
greater area than the collar portion, as shown, or a lip extending from the interior surface
of the collar may be utilized to hold the sensor 75 in place. The second portion of the

2" housing 68 may bear on this lip, or in the embodiment shown in Fig. 7 on an annular

surface 79 surrounding the collar 71. Electrical contact is made through an opening in this



The foregoing descriptions of various enbodi mrents of the invention address
show specific conbinations of features. These descriptions and conbi nations
should b j as nerely exenplary, however, and do not ],%)i% g,g

al t er nat M*"Wé “ement ati ons. For exanple, while the lancet i n%i 7716?3 shown
with the free-ends of the |ancets towards the center of the ring, it wll
be appreciated that an alternative geé}ﬂ?try 10 could be used in which the

| ancet ring has a star-like configuration_in which the free-ends are

poi nt ed euwularsysfacesy Yifprenample wia qoatretst77s g Costadts be 7§maay dsebofamed;

whi ch case t he camri.ng wul.d act.to tel ease Jat ensi on. A
further Qplﬂéq'lﬁgﬁni%g’aihs&tﬂﬁeécq}g’ép8‘fu°_3‘ s %egﬁegs%c#étfgw&%&egg%s%%g%%r to
-activat es&?@u%%@%ﬁ&ﬁn 1P PRy BY RRBSentd May YlsBDe di’s%o&é&edﬁrécﬂ JnGhé HnOstos ihfae
position of the actuator.” 15 The devites of the present invention may

i ncor por dmeetdumani ety of additional features which enhance the

.characteristics of _the device and make it easier..tq use, F ampl e, the
devi ces may i ncl ud&1&h Séu@iSBPWSB@QWQWW%PQQFdﬁY@%na%e%WNE%H erts

the user th it ] j €z .ake .a | e 1= evi ce
Shoun | opate dibonlafy (hFubfhalif ity FERAUEIFHbHorh 4 thllorfiafiretn deifaniSV] 0
insert afRgMheansel Bite SRS hse( it matr Riyshigrsladntaioneplueality beike a

measurenent. In the case of a device such as that shown in Figs 8 or 9, the
al ar m nayargct/seasdnpajss eud d simihg meghamsm 5or anterasiifally usmgithe pairsyd piser wi | |

not be surprised by the Lancet and will know.to | ook at th i splay.t
observe Hﬁgn?‘fe%f? Pﬁer'f’ﬁg' Jg\;ﬁggth ngFiPE?Ipﬁﬁ?%{ t{rﬂ%mg%r\ypﬁi rglﬁgegﬁ%ﬁi%fﬁé‘bfﬁovm
in Hg. | Qn?dj j ' hﬁ@, wdi i g€

det eﬁc(?ablogla %t{s?hh%gpg Sa etrotﬂsl}gt gﬁ%ig:'se/r'%ﬁ t atﬁlcgges?t& ff?}ct{ﬁggérggga%%{yg ﬁﬁ’as been
col | ect edesiggid Fohakarhple, shevdevicecfontdsting forbiend. gldensamith fwelxt tancetdsendast t ake

the formof a click, caused by the rel ease_ of a decgl% V\A'Hlin t he .devi ce,
or ni ght peas,dhe i inferval issuijakly betwesaiongapg fous hoges. rssultne Besd 19 o

achi eve suf.ficient L ndi [ | ) - - | eriod
of time TPIRtetpS LnBATpEork AeARbRR iyl B Gl Rhod BA olEE 4 BB oP
appear anGgc@bvey sihgfaly. PP @RI A aljo B hower, fdrmgampletwey honies, aran bbe
reference, or between the separate sanple-nonitoring pair of electrodes

starl® a stlented using aflogic sirthit.c Thws, foraaxphpls, infthe gasoef 3 rapiily ehangingglucose
pre-defined, perjod of ti . 01/.64105 PCT/ USOL/ 07169 -16 r exanmple 2
seconds) qF‘éﬁl &s_de@ammeéftgﬁﬁe gﬁ%‘%‘@%’ﬁ?’"%“ﬂ OFUCCFETIEr meﬁ%%eﬁg?% a?fr}ogllc ect r ode
pai r havi ; | ' eq&; | 8 &A1 b&tdleeR Bulikb@sdnt | Ccal

signal i s%ﬁﬁﬁ%g%%ﬁ%%g%mﬁﬂdeﬁe ecet%%éoggé vvhenBsuf?i cient sanple is
present . rhéaserehdeats viiib suchitirae as theglucobe Evel salkibizdse Gthednetermby alzsopet ype of

el ectronic signal, including signals based on conductivity,. pot enébiéal

di f f er enconfigard tq take peveralanitiebreadingsal shorttime jntqreals to detrHae sHttabe own i n
Fi g. i nConLRar ' ' . j

exprze(isi 0 S%ﬁl%g%ggrge%? Fﬁsg‘i" gﬁﬁegc?négg %ée&g"&‘ﬁ%‘i‘ﬁ’%sg,ﬁ %{etssﬁ)% ?%ng%gtegg% ﬂ3r§t| ng i s
opti onal ,in@fhi 6K be@iséERIraledbi¥qubniahdisireaidn dhd esiseyele, asitansud | on force
generated by a nmechanical or electrical punp for acconplishing the sane

f unct i on.shertaedaa desaibed abewesringesnonsety changasin gbicese lexalsbe used to ensure
sufficient bulging pf kin, A feedback anismtel.ls .the.user .that
the skin made cont a&su%?nﬁ?]?qrﬁ@tg%ﬁgm %3@5 eemX‘Eﬂﬂ?i‘ 3’189?3‘53@“%@ t he
skin can Qafiay 1}]}1'11 of Huédl/ s8R bt tNORERhIPSe ftRht ASsHoWadh Figs, BAe
vacuum (for exanple By draw ng on a plunger), ©Once the apparatus has

det e2§ ed dnlde8Bs KI'tie apphetusssimnprisesitherhioasing 8@rané eatrpp 82 b{Thahousidg basa or vi sual

signal that no 15 nore vacuum has to be created, In an aut t.ed par at us,
the punp Gatterbsidedd.dasough CORGHh 1S lﬁa¢%§?§?fﬁ%‘bth?534%{]s§r@it8ﬁ ; Oﬁ'ﬁlg Wi ce

. may inclu it LQVL:di ¢ o r=latralas:1

re)altdi ngs @E%&%gﬁg h%‘%j’%%crlBtt%hg%gla%%g%ﬁ%ﬁq%oﬁ%ﬁgﬁm g t?c be i r#etahe form
of a prongikplagedCalhe devideyahy bébtrapped Mike Atwdtch appd e wiist ofassear, angdtowact t he
- user to adm nister 20 nedications. The audi ble signal can function as a
hypog! yceimifig.&8Baomabous dhe forearararyupper ame Queeipplace; therdegies dyachivaied andach
devi ggs can ,al sqQ, be used fqr overni ghf surveill anc o.alert or
ot her COw%a?;eﬁ&rwyﬁlg&p%m&pca&&#ﬁo&mg& %ﬁﬁtﬁfﬁﬁéﬁ’cgﬁp% rt_h%ﬁsreeg gﬁ (f{hg
changes | sﬂ%{\/&g%ﬁgléﬁ&%ﬁﬁmﬁy@?% & 8Smftary 52 REABEIVS thdly B tHeQisply. er a

variety of a gés over exiSsting devices for the neasurenent of glucose
| evel s. To advantages flow directly fromthe incorporation of sanpling and
anal ysis functions in a single device. First, such devices require the user
to performfewer steps. Second, the user is not required to mani pulate a
smal |l electrode into a slot in the meter. This allows for the utilization
of smaller electrodes, which (as described in US Patent Application No.

NN NSNS S T Y - o




plurality of lancet/sensor pairs, the sanpling site can be automatically
vari ed throughout the course of a day, thus reducing injury resulting from
repetitive ‘[’)unctures in the sane | ocation. The invention g,l %glsﬁlbﬂ t he
utilizat WW¥#I0%ry smal | sanpl es, which might otherwise BETHPIPICUTt to
transfer to a sensor strip. This not only facilitates the taping of
nmeasurenents with less pain, it can aldo provide for a nore accurate result
because of the benefits associated with small-sanple nmeasurenents. In

addi t i onAltehmativelyi thg dofricaosthr,lsbnmdiskenmmlﬁwaggm@rlwamﬂelusm by the
devi ce reduces or_elimnates disposal issues for sample-coptamn nated waste.
WO 01/ 6=pkipssompatibje IY:%MP'O‘?%’QMEW n 2Ry bofy 5 ?Cl?sal?‘g?l%’f‘%ﬁ %n and
,quantitat !aé%!lr!fo?%s gpel ectrochem cal l y2 detectable analyte in: blood or
interstitta urd;” conprising: 3 (a) a neter unit conprising a housing,
neans di sposed Wi t IRigs. CtIhghdwas exidodedr view g termpneponeht party ofenbpparains

.noving an engaged cutting nenber, a 5 connector disposed W thin_the _housing
for engatp mgoggmgqc with tlais evhodimment ehthginvegien Closegto ghe bpttom sids tgé OSFRF

transmtting a signal fr. he, sensor ..i.ngj i f |l yt e,
7 and a @PRARES lso%%epﬁ?ri 4}%"%1-'a§§%%epﬁcfre Sl{/ﬁ ?CP%E'@S%(S: %ns%{é%fact)?gwo&r;ﬁ %ﬂis"&adgg. ng
the amougl iy %B?xr%itg’&?k?ﬁserstﬁw%bh séhsbthcRided!s tdaBentPRABY i€ bagadvith t hi n
t he housing; 1 C n el ectrochem cal sensor conprising an sanple uptaking
or 11 acegpiriofglevkoiiers1i6p818.Theusphsak disk84das anphteal opening dol aow e @igge t i al

fluid, wherein the i2 neans fox engagi ng and noving t cujtl menber
noves t hansshenismdthesnindle/samp) te pass gh‘ﬂ}g]?‘rﬁh? SESPLAStY ‘é{gglﬁ& ?ngg t?g?glger

pi erg ng St | J I, GR. sKin . -?ééﬁﬁefr Bk erced, and 14 wherein the
el ec roc@%%&%’@%@%@%ﬁ?ﬁ%@ s@g t atﬁttﬁﬁ é’sarrpl e uptakiug or
accepting 15 nenberAb@kand¢padalsaiiptie senmndisked 4k laced aspacer dhg 8h€Figser

when it is pierced by the 16 | ancet w thout nmovenent of the apparatus. 1 2.
An appar 8D)s Thespahst tog i85 prewidesdafied atep GRreRnding eachepsprfd %’éi‘FSIZ

det ect abl e.anal yte in bl ood i nt. titial fluid

Toter aniiEAcErE g SRRt PHLAct et i sk et A BRI ) 7,

engagi ng éb?otnis;{}ﬁ t P8 Pﬁar?%ﬁmg{éﬂdlﬂf&n'&é‘ﬂﬁ&ﬁélaﬁuﬁl IARGhERADRAsordinE 85
DO ecﬁvvlt I'n the housing f

connector di's or engagi ng an el ectrocheni cal
senstf spasbkhib 820ya fimt 822 mxal pltmlitynef spokessi?idt tThegeparsiogmialg 85rivplaced® sensor

i ndi cati f th punt of lyte, 7 and a di.spl tively- i at ed
e G omhe rror PRk Wsook BT i s 13 Posi B R SR biSlela BREFT 3 °
(b) a CUt Gt &fspﬁxg&%md Mebith ggggpﬁcm&élae%@caw@aﬁfaﬁts%f &g‘rng%&iﬁ?ﬁgﬁalf or

engagi ng Vi ng cutting me noves the cutting nenber in a cycle

| 1 fromiadicitivd dfahe A6kt dTAnkIgteNrdth dicélegrades B16,@18iaf eath sdnsdripmisski n - of
the user is pierced at a 12 point of entr%/, and wherein the connector is
0!

posi tioned in rel at Qversmidsoaxial with the separglor ripg 83 15 pleced a cam ring BOEHL/ 07169

13 he poi f . h : ' f
sonslls ciipiite g e mEPTLED: Sh iRy A e bl A U
the conngfligleadeNf REMARNeSY ofthd'Eadth Hhy 88 WiRh iSNEPAS fted lobitn! The@km up or

accept sanple generated at the point of entry as a 16 consequence of
pi er ci ng ridg 86 kasskéentral denirtg thrnnghevitichod sarbe oagimilartfastener iginserted tappar at us

of claim1l or. 2, wherein_the el ectrochem cal .gensor .and .th tii menber
are di spossemblgdhe ‘E%leﬁeﬂéleﬁ’ﬁ&ngﬁ? BP%%F@&I@’%&%S Adere &‘Fﬁ%&geiﬂfgi%r ng
menber ¢ aTo Ml =ayo i hi } heg the
ki of P et 48 pfitt oh BAeHRADE! il Serl iR WIE o 6RE Hiechlnioh b roRieRiNG

wheresn tdyeh AB@NS for noving the cutting menber noves the cutting nmember

back to a retracted position which . ) ) .
Over and coaxial with the cam ring 86 is a lancet ring 87. The lancet ring

87 has a rim 840 and a plurality of lancet spokes 842, each of which has a free center end.

The lancet ring 87.is positioned such that each lancet spoke 842 is aligned with a space

between the spokes 824 of the separator ring 85. The lancet spokes 842 are made of a
*"  flexible material with substantial memory such as spring steel. A lancet 844 is attached to

each lancet spoke 842 near the center-end of the lancet spoke 842, oriented in a downward
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.hol ding the bottom 3 sur

3 may be the sane or different fromthe initial position after piercing the
skin of the user. 1 5. The apparatus of any of the preceding clains,
further conprising a skin-contact ring disposed to apply pressure to an
area sur WEUN4MYP t he piercing of the skin 3 when the appaP&I(&01/8716? essed
agai nst the skin of the user. 1 6. The apparatus of any of the preceding
clainms, further conprising a vacuum rg#8hani sm di sposed wi thin the housing
to accelerate extraction of sanple after piercing when the apparatus is

pressed giadtivhlsotthe th&poinObf the¢areses44 it dfrectddd CovqraatiRtsensopdisk| sl rMeny of
the preceding clains, conprising a 2 plurality of electrochem cal sensors

and an_etpnaet sppkiesalid2taye of a tamgth swghibatitleaysinteracs withhe app aing: 86slyistg hengetbf
2 di sk, BegReh e koo adafk el SienlEn el O s TPl e
di sk 2 hay i ; H f

o761 no THEPELE S ARGIACRLAPS R il SamuIgaphat WIS SR g o

wher ei n pbetioal 330tand ddrhins deflesaihgpwadafrom itsAMoufrhl GhESpRITDNUIWAREDME 68m- 20
di sposed adj acent to the bottom surface and the cuttiﬁr}g menbers nove to
e

pi erce t HegSrilnrotatadip parial turs, thisdimsblancstspelkeria soved offghe endobths zamp gad of

g nst " SRS oo ER@0hedBtonBR e BhehVitg \hach Pk GG o o B 850,

10, wher @jtfhd saenetihie)tBY “dedoid’Slaldet spllelib noell 5186 poki€ion bitheMadHes DAL ace is
hel d agai nst the skin of the user. 1 12. The apparatus of any of clains 1,
2, 4, 5 the empyostien $30, land cadh ¢fithe otherlubost spekes ib shiftedvtacanositien bbivi ng a

proximal _.end a di st end,, and wherein the 3 proximal end is in
P ol iersea et Thus SadumBHHIRAion AE Bt o Fae ib PrngCaion pebof 11 ui d
passi ng %&& qﬁe&&ﬂi&uﬁ’éﬂtﬁ&?ﬂ@{.a by the sanpl e uptaking or accepting

. 0

menber . e appar at us aim1l2, conprising a plurality of

el ectrochenmi cal selQrssG showd a cidse seqiparcftan asseintdéddevidedncoviperating at he
plurality of electrochem cal 2 sensors are grovi ded on a _disk. 1 15. The

appar at uSenspr sisiempassemblef the type showain Figs. 84rK.napacebring B3 iswgoeived t i ner

operativel.y.connected to the pl | it clti . rS.f ically
t aki ng aﬁvd%érb%ﬁ ﬁ%‘:tnfl’ggo%ﬁlfé)ﬁgtf) % gﬁ%‘?"é%&e Olll’l §§%%&%§r@%"g& %Hg%,q%the
apparsat UsheMousingl Mdlieas aVYﬁf%'e?Hﬁniéﬁé} thir e isPARE Yink 85306h i Hehethake 2
response to anounts of analyte as determ ned by the apparatus. 1 17. The
appar at usleofricahgontace et cogtacts803) difposehen thedwttons ofthe hnusingpAsnilianatom f ox
indicatingtothe user that sufficient s ngle ha een call ected. WO

01/ 64105 SUsuckhas? EigpRIrFRAIgy 19 enges Wéthéﬁﬁ?) graring &6rto Zptatedt WHBIPRECidPai m

further S t ' . ;;’gwf 1 ngi | : 4 that it is
tine to ta e%&sag%p e:?" @%Bygﬁgﬁlgﬁg%i ar é%&gh%@eg%de%%ég%%ﬁtgg@%% further
conpri Si Bensars. rEruhédter 202 issvontrblied by dieciadniog80v: adiictealsd eaceive sighabfraiyt e

whi cﬂ) are above or bel ow preestablished 3 threshol ds. . .
the contacts 802, process the signal and transmit instructions for an appropriate display to

the display 805. A small vacuum pump 806 (for example a membrane pump or actuator
pump) is also disposed within the housing 801 to create a suction which draws sample into
the sensors. This pump may be on continuously, or it may be controlled by the
electronics to be active for a period of time spanning the activation of the motor to rotate
25  the camring. Alternatively, the vacuum pump could be activated prior to lancing, with a
sufficient underpressure acting as a signal to start the lancing cycle.
The sensor disk 84 can be fabricated in much the same way as the sensor
shown in Figs. SA-C. Thus, as illustrated in Figs. 9A and B, contacts 91 are deposited
around the periphery of a electrodes are deposited on substrate 92 in sets of three radially

outwards from openings (or weak spots) 93. One of the elecirodes in each set is a

reference electrode, while the other two are working electrodes which include reagents



1 20. The apparatus of claim 19, wherein the results alarmtransmts a 2
signal to a renote receiver. 1 21. A sensor assenbly for el ectrochem cal
detection of an anal yte when 2 associated with a neter unit, said assenbly
conpri si wp e1/e@b3d ar nmenber, a skin-contact 3 ring and an eCeaspuehéeni cal
sensor, wherein 4 the shn-contact ring conprises a wall nenbex having a
central opening 5 with first and seconpg-open ends forned therethrough, the
el ectrochem cal sensor is disposed adjacent to the skin-contact ring and
ext ends LISt ?%E L - Al ' | fegeRSOr
conpri si %@@é@%%ﬁé%w ongg(;% ra%d%n%?@fg%%%ﬁ\ gg?%f?%ée%&%églgng??ng i n

r esponseniegh kit P BIPPpLc] over 2BeH openinztd aad edctasks of plettvadese@barthé tap of
.absorbing fluid placed within the central opening, of the rjng andwé?

t r anspor themgesthan imswiation layer 9%isdormed. Sinsgiths sepserslishyis fo Hiigassgmiled,,

el ectrical..contgct for 11 transm.tting | ectrochem cal signal fromthe
_sensor; drHso 50813?%@%@3@3?"‘%%« r*’llétgge‘gmgi/all nmenber having a central
opening for 13 recef'rig.impﬁvmé%taif&ﬁh&fviéwsfm%h@rdeuﬁb;wmaﬂiﬁmhaﬁsragldﬁ i o
position with respect to the 14 el ectrochem cal sensor and the

ski n- contcentactming®6 on the. lowepdufath e Theskn contas ging|9p swtrovhdd an peningtfSr ei n t he

Is di d b h Ki ' . the coll nber,
and wher SRRUERBHER (e FohER D8 Pos 1o et e dbR S T aNisIoBEEFE S PSR nect or
'n cont a%ﬁt{mﬂhg Qottaﬁﬁ 6F ¢ tgfﬂé‘:ﬁ@ of, Qﬁﬁftﬁétl og%g 's‘?&e&fwtﬁ}é ﬁﬂéﬁ gﬁ bt QRRPEHCR

sensor for transmitited a ectrica rom-t ctrical contact to

5 an el egfthecalbctfoddisai! I theniBRidihentshéwi &CRigyed, e ldncats ahepreathsionedenber .
WO 01/64105 -22 PCT/ US01/07169 23. A sensor assenblg\é for el ectrocheni cal
det k& i obydhe spindleavhendhesrmsorassembly ispititageternSiat 990 d thertop Af the spipdlp

nbl i S . ' d | , ti
Sorton 99 ls th e 2l didd HEMeRE LT, iRl MeADSs fuci
el ectroc Wtﬁ)glar SRESOT of tﬁ@%@énibl%r b Sloakd bRe ?@Pﬁ&ﬁéozs@m afi O-ingbspesaed in
contact with first surface of the 6 7 8 9 10 11 12 13 14 15 16 base

porti on, Hledtrlcaeoniact is amde bstwegnthkia gppar sase?0lgpadaoatactsiP lofia gentact 504.
el ectrochem cal signal in response to the presence of ana{dﬁ{e and_.an

adsor pt i vidusreligysherasalysisalflentiogics e be logated amay dgm theisgnson diskviigre fhry
fqm t t.he | ' ) ' th
PrOXini { Yo d Qo ik ggg@ﬂg Sxpl (Pufll S WhaBInd WhBElal:0. BeARIILE N0 t he

el € sensor; catting nenber passes through

the base sealidg @ipapdipen oy tHeougPenensa 90 avithethe base poacredf2, te dontsctio®balseen t he
el ectrochem cal sensor disposed in. contact with the first surface of the

base por trotatesand camse sn dowtppoithionn sleciode set at péinm s theease 9h2 dgHge t he
collar pqrtion cqnpr,ises | . menber Vi n I '

recei vi ng Pﬁrf’b?ﬂﬁflﬁ?ﬂ na%af':ﬁf(hg) t\#\%lsgpqﬁ?‘ff’ £V E%b%ﬁg%fi‘ne}iﬁ% ¢a ta%%%%? gt)ﬁreg% e
contact Wehoyd N tﬁE%#ih&E'm&&@tt%Eﬁn ith B ereSICARO6 dn@f fidsAREMROE A 19 an
electrical signal fromthe electrical contact to an electrical contact in
t he 2t erdifferent sampling site each time.

Fig. 10 shows a schematic representation of the electronics which can
incorporated in a device in accordance with the invention. As shown, input signals are
provided from the sensors and from any included skin-contact or sufficient-sample
detector systems to a signal processing system. These signals are transmitted via analog

25  circuitry to a processor which performs data analysis. This processor provides a signal to
display driver which is connected (via a wired or wireless connection) to an output
display. The processor may also provide a signal via a wired or wireless connection to an
alarm generator. The display and the alarm generator together constitute the output
portion of the device. The data analysis processor also communicates with a memory

°" device, for example an EEPROM, in which information including calibration information
and previous results may be stored. A timer is also provided which is activated by the data



24. A nmethod for detection and quantification of an electrochemcally 2
detectabl e analyte in blood or interstitial fluid, conprising the steps of
345Db7 89 10 11 12 13 14 (a) positioning an apparatus agai nst the skin
of a teswOsuby®st, sai d apparatus conprising a neter unitPCEASIVEILy a
housi ng, neans di sposed within the housing for engaging a cutting nenber
and nmoving an engaged cutting menber, 15.connector disposed within the

housi ng for engaging an el ectrochemical sensor specific for the analyte and
transm t {0k AsotveiR@l This ead pRoaeRSAhcdid] &dbutiezils hRRnBEPHRERE nidd Yt e,
and a display operatively-asSociated with the connector for displaying the
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electrodes and the reference, or between the separate sample-monitoring pair of electrodes

starts a timer and the sufficient-sample indication is given some pre-defined period of time
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A feedback mechanism tells the user that the skin made contact with the sensor. Two
simple contacts bridged by the skin can achieve this. In an apparatus where the user is
creating the vacuum (for example by drawing on a plunger), once the apparatus has
detected the skin, the user is alerted, for example by an audible or visual signal that no

15 more vacuum has to be created. In an automated apparatus, the pump mechanism can be
shut down in response to this signal.

The device may include capacity for providing counseling to a user when
abnormal readings are obtained for the analyte. Such counseling might be in the form of a
prompt to call a physician, or might in appropriate cases instruct the user to administer

20  medications. The audible signal can function as a hypoglycemic alarm, particularly in the
multiple test embodiments. Such devices can also be used for overnight surveillance to
alert the user or other concemed individual (for example a partner, parent or nurse) to
changes in glucose levels.

The devices of the present invention offer a variety of advantages over
existing devices for the measurement of glucose levels. To advantages flow directly from
the incorporation of sampling and analysis functions in a single device. First, such devices
require the user to perform fewer steps. Second, the user is not required to manipulate a
small electrode into a slot in the meter. This allows for the utilization of smaller
electrodes, which (as described in US Patent Application No. 09/228,855, which is
incorporated herein by reference) are both less expensive to make and more accurate m

providing glucose measurements. Moreover, for embodiments in which there are a
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sample which is optimally utilized by the device reduces or eliminates disposal issues for

sample-contaminated waste.
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4 e housing for engaging a cutting' member and moving an engaged cutting member, a
5 connector disposed within the housing for engaging an electrochemical sensor specific for
6 the analyte and transmitting a signal from the sensor indicative of the amount of analyte,
7 and a display operatively-associated with the connector for displaying the amount of the
8 analyte to user;
9 (b) a cutting member engaged within the housing;
10 (c) an electrochemical sensor comprising an sample uptaking or
11 accepting member for the uptake of a sample of blood or interstitial fluid, wherein the
12 means for engaging and moving the cutting member moves the cutting member in a cycle
13 from an initial position to a piercing position in which skin of the user is pierced, and
14 wherein the electrochemical sensor is disposed such that the sample uptaking or accepting

15 member takes up a sample from the pierced skin of the user when it is pierced by the

16 lancet without movement of the apparatus.

1 2. An apparatus for detection and quantitation of an electrochemically-

2 detectable analyte in blood or interstitial flnid, comprising:

3 () a meter unit comprising a housing, means disposed within

4 the housing for engaging a cutting member and moving an engaged cutting member, a

5 connector disposed within the housing for engaging an electrochemical sensor specific for

6 the analyte and transmitting a signal from the sensor indicative of the amount of analyte,

7 and a display operatively-associated with the connector for displaying the amount of the

8 analyte to user;

9 (b)  acutting member engaged within the housing, wherein the
10 means for engaging and moving the cutting member moves the cutting member in a cycle
11 from an initial position to a piercing position in which the skin of the user is pierced at a
12 point of entry, and wherein the connector is positioned in relationship to the cutting
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1 3. The apparatus of claim 1 or 2, wherein the electrochemical sensor
2 andthe cutting member are disposed such that the means for engaging and moving the
3 cutting member causes the cutting member to pierce the sensor prior to piercing the skin of
4 the user.
1 4, The apparatus of any of the preceding claims, wherein the means for
2 moving the cutting member moves the cutting member back to a retracted position which
3 may be the same or different from the initial position after piercing the skin of the user.
1 5. The apparatus of any of the preceding claims, further comprising a
2 gkin-contact ring disposed to apply pressure to an area surrounding the piercing of the skin
when the apparatus is pressed against the skin of the user.
1 6. The apparatus of any of the preceding claims, further comprising a
2 vacuum mechanism disposed within the housing to accelerate extraction of sample after
3 piercing when the apparatus is pressed against the skin of the user.
7. The apparatus of claim any of the preceding claims, comprising a
2 plurality of electrochemical sensors and an equal plurality of cutting members.
1 8. The apparatus of any of claim 7, wherein the plurality of
2 electrochemical sensors are provided on a disk.
9. The apparatus of claim 8, wherein the housing is a flattened disk
2

having a top and a bottom surface, and further comprising means for holding the bottom

surface of the housing against the skin of a user, wherein the electrochemical sensors are
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1 10.  The apparatus of claim 9, wherein the means for holding the bottom

2 surface of the housing against the skin of the user is a strap.

1 11.  The apparatus of claim 9 or 10, wherein the display is visible to the
2 user when the bottom surface is held against the skin of the user.

1 12.  The apparatus of any of claims 1, 2, 4, S or 6, wherein the cutting

2 member is a hollow cannula having a proximal end and a distal end, and wherein the

3 proximal end is in juxtaposition with the electrochemical sensor to permit absorption of

4 fluid passing through the hollow cannula by the sample uptaking or accepting member.

1 13.  The apparatus of claim 12, comprising a plurality of electrochemical

2 Sensors.

14.  The apparatus of claim 13, wherein the plurality of electrochemical

2 sensors are provided on a disk.

1 15.  The apparatus of any of claims 7-11, 13 or 14, further comprising a
2 timer operatively connected to the plurality of cutting members for automatically taking
3 and evaluating a sample at pre-defined time intervals.

1 16.  The apparatus of claim 15, wherein the time intervals are adjusted in

2 response to amounts of analyte as determined by the apparatus.

1 17.  The apparatus of any preceding claim, further comprising an sample
2 alarm for indicating to the user that sufficient sample has been collected.
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1 19.  The apparatus of any preceding claim, further comprising an results

2 alarm for indicating measured levels of analyte which are above or below preestablished

3 thresholds.
1 20. The apparatus of claim 19, wherein the results alarm transmits a
2  signal to a remote receiver.

21. A sensor assembly for electrochemical detection of an analyte when
associated with a meter unit, said assembly comprising a collar member, a skin-contact
ring and an electrochemical sensor, wherein

the skin-contact ring comprises a wall member having a central opening
with first and second open ends formed therethrough,

the electrochemical sensor is disposed adjacent to the skin-contact ring and
extends across the first open end of the skin-contact ring, said sensor comprising reagents

for generation of an electrochemical signal in response to the presence of analyte and an
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adsorptive member for absorbing fluid placed within the central opening of the ring and

—
o

transporting the fluid into reactive proximity to the reagents, and an electrical contact for

Yk
et

transmitting the electrochemical signal from the sensor; and

fay
[\

the collar member comprises a wall member having a central opening for

-
W

receiving a portion of the meter unit and holding it in position with respect to the

e
n

electrochemical sensor and the skin-contacting portion.

22.  The sensor assembly of claim 21, wherein the sensor is disposed
between the skin contact ring and the collar member, and wherein the collar member
further comprising an electrical connector in contact with the electrical contact portion of

the electrochemical sensor for transmitted an electrical signal from the electrical contact to

v b W N

an electrical contact in a meter unit received within the collar member.
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7  in response to the presence of analyte and an adsorptive member for absorbing and
g  transporting fluid into reactive proximity to the reagents, and an electrical contact for
9 transmitting the electrochemical signal from the sensor;
10 the cutting member passes through the base portion thereby forming a
11 channel for passage of fluid between the electrochemical sensor disposed in contact with
12  the first surface of the base portion and a second opposed surface of the base portion, and
13 the collar portion comprises a wall member having a central opening for
14 receiving a portion of the meter unit and an elecirical connector in contact with the
15 electrical contact of the sensor for transmitting an electrical signal from the electrical

16 contact to an electrical contact in the meter.

24. A method for detection and quantification of an electrochemically-
detectable analyte in blood or interstitial fluid, comprising the steps of:

(a)  positioning an apparatus against the skin of a test subject, said
apparatus comprising

a meter unit comprising a housing, means disposed within the housing for

engaging a cutting member and moving an engaged cutting member, a connector disposed
within the housing for engaging an electrochemical sensor specific for the analyte and
transmitting a signal from the sensor indicative of the amount of analyte, and a display
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operatively-associated with the connector for displaying the amount of the analyte to user;
a cutting member engaged within the housing;

p—
o

an electrochemical sensor comprising an sample uptaking or accepting member for

—
oy

the uptake of a sample of blood or interstitial fluid, wherein the means for engaging and

[u—
[

moving the cutting member moves the cutting member in a cycle from an initial position

[am—
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to a piercing position in which skin of the user is pierced, and wherein the electrochemical

m—y
I
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cutting member without further need to move the housing until the analysis has been

performed.

25.  The method of claim 24, wherein the apparatus is an apparatus in

accordance with any of claims 3-20.

26.  The method of claim 25, wherein the apparatus comprises a sensor

assembly in accordance with any of claims 21-23.



