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ELECTROCHEM CAL  ANALYTE- TESTI NG APPARATUS Fi el d of the Invention Thii§Ep 9g54
application relates to an el ectrochenm cal apparatus for the detection of
anal yt es, oii@idsi cul arly glucose, in blood or intersti tpaiudohords
Background of the-lInvention G ucose nonitoring is a fact of everyday life
for diabetic individuals, and the acgr[acy of such nonitoring can
literally mean the difference between ife and death. To accommbdate a
normal life style tot f ' j f glucose | evels,

a nunber of glucose m&é@ﬁggﬁg E;%Wrﬁ&f the individual to
test the glucose level in ANy TE- 2 .~ Many of these neters
detect glucose in a blood sanple electrochemcally, by detecting the

oxi dation of blood glucose using an enzynme such as gl ucose oxi dase

provi ded agidipsfthelnventibisposabl e, singl e-use el ectrode system Exanpl es of
devices of this type_are djsclosed in Eyr an .Pat ent _No 7 958 . and US
Patents Nos. 5,141, gEBS aplisaiongalstcs ko ssmalecggghemical sppatasus ‘95 e JREROLLGE,

i ncor por at el i ters, the user pricks a
finger or %ﬁ@g%gﬁgﬁﬁ@%g’gﬂ@gg%?m I mgétd?r%l e of blood or
interstitial fluid which is then transferred to the disposable electrode
system _Thi s can ca% pr ohl enms, because of the need to take several

measur niBackerennd otedoyenlian o+ §r awback to routinely drawi ng small bl ood
sanples is the pai nGid&Béeiﬁérﬁﬁiﬂh%istmctwwe?y&ayyif@maaiaaaicanm&mﬂs&mr
finger-sticking devices. The nps favored site of sanpling_ is the rich

capi |l ary Hiedcairathef ss4i monitoringear literpdly mepp B drop of

opn
bl ood froma snal | t. The finger. tip i I ' - nal s, and
rroma 1RSSR S
the pain i SOAREGEARRIHF dprpmal lf‘itl«? S ﬁec%#‘%%“?é&tﬁ%g“%%g%?ﬂmfﬁ 00 cﬁose to a
recent incCizgiuRier Hghictse MoikrsdasiovenaIghle whithiptinitths individadl itoteal thé nci si on.
The pai n maybe al so be increased if the )
10  ghucose level in a small amount of blood. Many of these meters detect glucose in a blood
sample electrochemically, by detecting the oxidation of blood glucose using an enzyme
such as glucose oxidase provided as part of a disposable, single-use electrode system.
Examples of devices of this type are disclosed in European Patent No. 0 127 958, and Us

Patents Nos. 5,141,868, 5,286,362, 5,288,636, and 5,437,999 which are incorporated _

15  herein by reference. _
To use these meters, the user pricks a finger or other body part to produce a

small sample of blood or interstitial fluid which is then transferred to the disposable
electrode system. This can cause problems, because of the need to take several
measurements a day. The biggest drawback to routinely drawing small blood samples is
20  the pain inflicted by the currently available lancets or finger-sticking devices. The most
favored site of sampling is the rich capillary bed of the skin of the finger tip which readily
yields a drop of blood from a small cut. The finger 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 a 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



cutting bl ade penetrates slowy or is withdrawn slowy. Furthernore, the
user may be forced to make a larger incision than is necessary in orqq;Eptmé
get a drop of blood to form for transfer to the nmeasuring strip. Because
of this, dibfegksas designs for |ancing devices have beerrquigooeeds whi ch
are designed to facilitate use of the device and imt the pain 1 SEP 2004
WO 01/ 64105 PCT/ USOL/ 07169 -2 associated with the procedure. Exanples of

| anci ng devices are described in US Patents Nos. 4,924,879, 5,201, 324,

5, 318, 584, / B2l F 16 jcB& & Redcribed in WS Paiefitsb

r ef erence.”?%cgaé‘?drlgﬁg}%\ﬁ}g%%?%ht Puglleig\,ggﬁbgf\gﬁgi. W)gg/ 10223 descri besya

devi ce forNog @ld2a@7o05)201,32406 318,684, 5:879,81 Lyiand 5,8h¥36kvwhich acsincarperatede a
menbrane on which sanple is collected and dried. This nenbrane is then

t r ansf er r ehkreip byefesanes-nal devi ce for anal ysis. Each of these known devices

for the el ectrochem'ﬁ%ﬁﬁﬂﬂﬂ{&mﬁga&?wmgymﬂ3@magdé'v%g)foyes a

two-step process, in w the skin is first pierced to obtain a sanple
and this sgmekitod of ihtesstisihicfiuid dThaxexics emsiocludor mamhraps oy whith ssmplesisent s

several 10 drawbacks.. First, the us st. transfer. bl g .

det ecti on %ﬁﬁﬁﬁ%@%dﬂfd'zéﬁu‘?@ﬁﬁ’?ﬁ%“%%ﬁﬁ@&m&ém@??%éﬁn%pgi}%ﬁ&t he
drop of blood on theEﬁcthﬂﬁ{esé"ﬂM&QicéﬂﬂiP{h@ﬂee&@dhmmﬂﬂﬁm@udobe
sensor or neter. Second, because of this transfer, the ampunt of bl ood or

fluid extregididbéticainvelies pisorsiap proceys, iewhich figrslsigris frsé pregredimedia@masor

either being too Jittle  t.o _pravi an accurate ne r 00 nuch,

whi ch can $W%§§@hisﬁémﬂ}?dﬁﬁgmgqm’g§? f Se0e 3%‘15'13'@?15’[ g‘gﬂ\ﬂ? tﬁg‘rcﬁirlocedure. us
(Patent;gNo. 44 @%&5.49%519{]1%%6}%&& Baritir bice@itatinatitedton apatanis Wik teagirend
testing bl oo‘c’f glucose using colorinmetry. US Patent No._ 5, 054,499, discloses

a col or i met regsurclefidesteritntoeigs theairomefdieodm the finges valh the samplemocid e r

whi ch includes r ents for e | ' %},&&tgﬁ N Pb8&EoPr i Or to
punct ur i ng®RIFEE ?S&B?‘ﬁéfnéﬁe?'ssﬁﬁg‘l.l'%{?,h%géz?fz@é‘ 20 and 5, 85131}, 973 di_%cl ose a
sanmpl i ng dayideRunitbE fomthspatied: iy B ingpropriatedfobihe seser eitherfbemg toelittieng
apparatus for optical analysis of a sanple. US Patent . 5,746,217

di scl oses to proeide an WW&#“@“@&WHW%%‘@ Wécﬁc&“&écé?fs%\lﬁmeﬁﬂlﬂ? %tzpsﬂg}rpl e,

whi ch js there anal Lhfrared spectroscopy in the capillary. US

Pat ent o, a%o%%dgji%@g@ e device in which a |l ancet punctures the
skin and the sanpl e USPateht No. £5Tp108 distlobwsdyseifiagnidined dgwice fog tenstngraad f or

analysi s 0 an OBl ool SYSLom US Pat 8RR Nd. 55 SRR P3Brdelg oo
device in which a lancet punctures an absorbent member which includes reagents for the
colorimetric detection of glucose prior to puncturing the skin. US Patents Nos. 5,682,233

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 sampte. 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,




detection i'n which reagents for generating the el ectrochem cal signal are
coated directly onto the |lancet, and thus cone into contact with tthEpzmh
sanpl e without further user intervention. In this device, there is

spring act iwayeited10dri ve the needle, and the needle is &lﬂﬂWW$W@§®%d |n by
the user. This makes control of the puncture difficult. Furthernore, 1 SEP
2004 WO 01/64105 PCT/US01/07169 -3 10_35 20 25 replacenent of the |ancet
and reagent are inconvenient in the device as disclosed, and nass
production 0 e”EtOJﬁhéﬂﬁﬂée@aéﬁ] he‘ %r@ﬂchnve&*&Hﬁn RV Re LOIBHBRA SATAST

i npr overmrent™H Tfie Trannér 1 n lurd -sanples are collected and

anal yzed. %ﬂﬁﬂﬂﬂﬁuﬁhﬁﬁum«mmehemﬂmmﬁhe present invention provides an

i nproved apparatus for detection and uantlt

el ect rochem cal I y de T 8BS, sreremains yaom f Hﬁ?fo‘éeéneé‘k {?CQB%?”W“H’B{%B flyd
interstitial F‘u colld§ ecp%a%g% conprises a neter unit, a lancet and an
el ect r oche €&

sensor these conponents, the neter is preferably
reusable, while the |ancet and the electrochen cal sensor are preferably
i nt ended for S|ngle use. The neter unit conprises a housing, neans disposed
Wi t hi n t he SHERAEL WG JIVCE g|ng a lancet and moving an engaged | ancet, a
connect or di sposed afus Ehieletdeiehad cal
sensor specific formqhgbgﬁ% yte ané g%?%ﬁ??gaaiﬁ95|gnal i ndi cative of
t he anount Qﬁnmita;luyifen eleatiockenicaly- ag/cew@q: analyie |S9cbea§§é¢,qow, lmuiﬂr a

connect or for t he anmount o 1a| X

el ect rocheﬁ@télapn%éﬁ%‘ﬁ ﬂ?paﬂéﬁféﬂnpq%?aﬁlegéuﬁ %gt%(aﬁgr% |cg?1 sical yte.
In addigi o heohek! doridadits tle BARSObrefRiNly foaeblaawhils thefihgetpidae ng™ or
accepting nenber or uptake of a sanpl e of blood or interstitial fluid. In
one enbodi mmnt-oaiifermdmémmmpmfﬁablwetﬁnéedfah%@ﬁ“ée engaged in the apparatus,

i tial posi i on Lo duprrErb it FinliE helR EpiciCoa pEbeliRET2

cTh

pierced and de ahdEi6ving aﬁeﬁ@ké@lﬁh@d a[pofinidciod msposddlvnﬂlmﬁly: hbesmgne sane
as or d|ffer nt fromthe inital p05|t|on QEE ﬁF*e chem. sor is
di sposed s (forrengiging atheleeEaeBEBICAlSERIRF FRFCHI BAray Wﬁ'ﬁm'ﬁﬁﬁ gﬂ% a

sanpl €1 indicative of the amount of analyte, and a display operatively-associated with a connector

for displaying the amount of the analyte to user. The electrochermical 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 alterative

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 singie 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.




fromthe pi.erced.skin of the user when it is pierced by the lancet. In an
al ternative enbodinment, the |ancet is a hollow cannula through which §gpoggl
or interstitial fluid is transported fromthe puncture site to an

absor bent partjs@Rsof the el ectrochem cal sensor. Thus, ipCTAISONIENSY

enbodi nent, the i1 nvention provides an apparatus with single-step operation

i n which sanpl e acquisition and anal ysjs occur as a result of the single
action of pressing the apparatus against the users skin wthout
necessitating novenept of the ] . | nv. | ovi des a
met hod i ncluding a siAYRE 8REHC %%gg%nro y‘?ﬁ‘ﬁﬁi‘%ﬁ‘g@ﬁfcﬂ%gﬁﬁﬁ%ﬁ sition

and anal ys%%iﬁﬁ%:%%&ﬁﬁdan&e@ﬁ?th%@%nm. (Such 4ikpSEaFE TG0k ATilRS mag Anot her

aspect of e Invention relates to di sposabl e sensor assenblies for use in

a meter incomeximjuitthesensior in & wpporhardiable &y attaghmentiodbr@sist & hathRg eI enp) i es

may contain just th e rin : I ' t he
meter or oG Fecdtont BF g geepile FERBRNE sl ARfbiy ey B AR 0AFRede”

di sposabl e, s niss GRbétY, oﬂﬂ)fna?%ﬁtﬁinmpmaﬁqeﬁmet/sanmdrpaifs. or nore |ancets,
or it my contain a plurality of |ancet/sensor pairs. Brief Description of
the Draw ngs Fig. 1 shows an exterior view of an apparatus in accordance
with the iﬁv.e ion'tio . igﬁ. S2A—C show sectional views of a device in
accor dance i gs. 3A-C show a schenmatic representation
of an arrangement of Fighgshowsnaektedtview of drnapatatisin awonladeereith thet h one
enbodi mrent of the invention; Figs. 3D and E show a sensor for use in an

al t ernat i viaventlsmgli nent of the 15 invention; Fig. 4 shows an exenplary
sensor, assenbly for gl r ' | Mcédd sthfhg)S. H5A-C
{show awgpeci fic enbolgligr?fgztnﬁf e;ép&gk%gh%%?{%torg?eﬁﬁ%%r por g%n?égﬁmﬁhnlﬁh a sensor
assenbly i pwagref dance with the invention; 20 Fig. 5D shows an further
enbodi nent of a sensor asserrgl I n accordance th the invepttitﬁep; Fi gs.

] y i Wi
6A- C show an schemat Figsr#bFSheK e sEemhe FePiR R i 9T 4P, SH50dT ment  of the

i nventi on; sensor and the lancet in accordance with one embodiment of the invention;

Figs. 3D and E show a sensor for use in an alternative embodiment of the

15  invention;
Fig. 4 shows an exemplary sensor assembly for electrochemical detection

of an analyte;
Figs. 5A-C show a specific embodiment of a sensor 32 for incorporation in
a sensor assembly 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  inthe 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

o Fig. 10 shows a schematic representation of the electronics which can

incotporated in an apparatus in accordance with the invention.




Fig. 7 shows a cross-section of an enbodi nent of a sensor assenbly for.ﬁ§e
25 in the enbodiment of the invention shown in Fig. 6; Figs 8A- G show 2" 2004
further enbodi ment of the invention; Figs. 9A and B show the preparation of
a sensor Wigidyigdlosi pl e el ectrode sites; Fig. 9C shows anPEFA®RpE0UEd i n
accordance with the invention; and Fig. 10 shows a schematic
representation of the electronics whick.can incorporated in an apparatus in
accordance with the invention. 1 SEP 2004 WD 01/64105 PCT/USOL/ 07169 5 10
15 20 25 7n Detail ed Description of the Invention The apparatus of the
present invention is an integrated | ancing and anal ysis device which does
not requi r PeniledPpeascaiptiomof the fnvenitont he transfer of the sanple fromthe

puncture site to a S| i foa | ysis. .This apparatus incl.ud er

unit, in which the ﬁ%%&’?*&ﬁﬁsc?g%%’@%éﬁvﬁgﬁ?%n‘gguﬁl?%%%%drp %‘ﬁ%g‘%}% of a
result aredﬁﬁ&aa‘;vﬁghd@es%ﬂ e ¢ actibn fr 1 HaAEET thY saliPld B meed €) and
an el ectrochem cal sensor. The electrochem cal sensor includes an "sanple

upt aki ng opurtre pitd togr swEpfveatalysis: Fhiscepperatuk snchides amstes nuihdn which the  t he

specification and clainms. hereof .. the.term sanmpl e i_ng..or ting
member " eﬁ‘fﬁf‘r’ﬁ%@s@’sﬂ?ﬁ’ﬁ@ﬁg smlﬁ%‘gd‘F@W %\fc%e%}\itl aﬁﬁyﬁﬁg&cﬁ c(ralctet :‘OB§ ﬁ%ﬁlﬁ%f er of a
liquid s a”@!eea {40k Bliow asaRld) B &i dl&tiobhdniieal BLrB6H. MTHRAstir6cHentiei Séisor
including but not limted to absorptive materials, such as a w ck, sponge

or absor pt inciidesah, “sampleiptaing aracdepting wember” Euxibr upiaks of sErRlEgAS WRGIR | i qui d

Is transferred. The uptake of |1 gqui y..he ks ,
capillari t@e&Pe%%?aﬁ% %@éﬁ&“%g%&%&@ 8l p%ef\ﬁ%%%%cghg?rﬁ{ueﬁ%&?e of the
absor ptg ve imbiphisad vartius keehodk & actievifietha dibyt siassfedtdfatliguidsamplenroth she or i t
may be an active absorption stimulated _ by ap cat.ion of suction. In fact,

=
the term " sampling silptoaikr glgcisochamicalensos indidas B“tlf?ﬁ%}ﬁ!“ad BeAbsPMBEYS t 0od t 0
Lo the of cBPIHAE: ek Fh Wit SRuEop SRADHApl wRRIS uplliglld colfanbdlTp! © S1 (€

to the el et e sen e sanpl e uptaking or
accepting through which liquid is transferred. The uptake of liquid may be a result of inherent

capillarity or surface tension forces resulting from the structure of the absorptive material
15 or the size of the analysis chamber or cannula, or it may be an active absorption stimulated
by application of suction. In fact, the term “sample uptaldng or accepting me.mf_)er”
should be understood to encompass any means that enables transfer of sample from the
sample site to the electrode of the sensor. For example, the sample uptaking or accepting
member could be the active portion of the sensor itself. The size or volume-uptaking
20  capcity of the sample uptaking or accepting member would be influenced by the volurne of
sample to be analyzed, which would typically be on the order of 100 nl to 10 pl.

Fig. 1 shows an exterior view of an embodiment of an apparatus in
accordance with the invention, although it will be appreciated that the overall shape of the
device is a matter of design choice and is thus provided here solely for purposes of

25  illustration. The device as shown allows for an easy grip by one hand, while providing
good visibility of the display. In addition, it is easy to handle when sampling from
alternative sites like the palm of the hand, the arm or the abdomen.

As shown, the device comprises 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

" ring 3 is disposed at the sample end 4 of the device, while 2 button 8 for activating a
sample/measurement cycle is disposed at the opposite end 6. Ejector slide 7 ejects used




menber coul-d be the active portion of the sensor itself. The size or
vol une- upt aki ng capcity of the sanple uptaking or accepting nenmber wgfpdgy,
be influenced by the volune of sanple to be anal yzed, which would

typically Rg @msidse order of 100 nl to 10 Ill. Fig. 1 sho@Eleserexserior
vi ew of an enbodi nent of an apparatus in accordance with the invention,
although it will be appreciated that tlge overall shape of the device is a

matter of design choice and is thus provided here solely for purposes .of

|1 Tustral | oo by decttdRordiEaRaMs FhanlVs shiftbd ShvarBibe Gipke dti e and,

while providing good visibility of the display. In addition, it is easy to
handl e wheniss assd tdgpkfthe devied. tQptionalibutiorns$ isawsed fojset thevpenstatiansieptrnf theand, ~ t he
armor the abdonmen. As shown, the device conprises a housing 1 of a size

easily hel ®@0¢¢f- one hand. A display 2 is visible to the user on the outside

of the housing 1. A pitsim £IiBfsectionBDridd of i &pize ofFig! dibaringatpl e end 4 of
the device, while a button 8 for activati ngi a sanpl e/ nmeasurenent cycle is
[

di sposed atintérdnel memhasisindorengaging Eibwpving gieilinset20ethe elestromes ifostransiisos Wo
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Fi gs. 2A-C show sectional views of the device of Fig | _show ng the

i nternal neekanisdisfoonnestaydg itheglestranign vin ggondvstivesiement 23, Theires fgurssoni cs
21 for transfer of an ele &:t{i al signal froma sensor (not shown in Fig.
2) to the dﬂ‘?ﬁ?ﬁﬁhezc.’f’eﬁ?oéllog “9C5P contact 22 is provi ded near the end of
the hoysing | for naki PR 2ASGE8é6a is Elowndaa redt pbsition, prorstosamplirg. i There
connected to the electronics via a conductive elenent %f Iggvf%r ee figures
i |1 ust r at e it iretengien on theFpERS 20 cPlunger 24 1Is aiteched tq-fhg langet holdgr ¥ is shown

In a rest positi | . | i | leQithcBftolalews pri ng
20. Pl ungercoéﬂnggqutn%léﬁiehdésg'gﬁgﬁ i angé%-&ﬁo eﬂrﬁ%geﬁlgﬂﬁo £ah cocki ng button
27. The SprhiMhusEin@blipeibd ldnoettfiven themoekted posititreandsewartivh of thadaneet fram al | ow
bot h pushing out on the lancet fromthe COC%%OSiééﬂ%n gndvﬁﬁgégct'on of
the | ancet PereRg AosifRTe rRITsiZ 8O F01R MG O8Le AP U7ERee Y 8 VAE &% 8 of t he
space defined ?aln\g i i) THeRaR8 G AGR- NS vilVewhikh PeraiRt act
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the catch 29, causing the lancet assembly and the valve to move upwards, compressing
spring 20 as shown in Fig. 2B. The cocked device is then pressed against the skin and

20  catch 29 is released. This results in the lancet assembly being driven downwards to
puncture the skin as shown in Fig. 2C. During this downwards movement, pressure does
not increase in the region between the plunger 24 and the skin because of the one-way
valve 26. However, because the spring passes through its equilibrium position, thereis a
backwards motion of the lancet assembly after the skin is pierced and this motion results

25  in the creation of reduced pressure in this region. -

An important feature of the device of the present invention which enables
true one-step operation is use of an arrangement of the lancet and sensor to allow “in situ”
sampling without movement of the apparatus. Figs. 3A-C show a schematic

representation of one such arrangement. Fig. 3A shows the device in a ready-to-use state.

20 The lancet 31 is disposed within the housing 1 and is engaged with the means for moving

the lancet (not shown). The sensor strip 32 is part of a sensor assembly 33 that includes




the catch 29, causing.the | ancet assenbly and the valve to nove upwards,
conpressing spring 20 as shown in Fig. 2B. The cocked device is thenj SEP 300,
pressed agai nst the skin and 20 catch 29 is released. This results in the

| ancet assgid@biysdigs Nng driven downwards to puncture the sSkdTru&Ro3EOWN in
Fig. 2C. During this downwards novenent, pressure does not increase in the
regi on between the plunger 24 and the _skin because of the one-way valve

26. However, because the spring passes through its equilibrium position,
there is a ta @5@11,3{ Ky | S

pi erced any{%%&%ﬁ@%@&#&ﬂ%g@ fé%ﬁlﬁﬁg?%e;t I on og%gga‘?:%% %rTel%sure I n

t hi s regi onkinArentacpoing 2 st préssad a,ga.mstthe skie oftbe nsce, vafick damsqsrappwellingwént i on

whi ch enabl es .true one-ste tian i s use of..an_arfangenent .0 he
| ancet and @%Fhetr&g’ﬁ?llsw&dﬁcp Smﬁ%‘i i) &ﬂhts ‘{Fﬂfg tﬁ‘it{‘
appar at us. lﬁcgé devR 3¢ RV dGwEw 18 Trting ﬁfseafe%ﬁﬁemma{me@ﬁn%ygﬁbwn

arr angenent 1 g. 3A shows the de Ice In a ready-to-use state. 12A The
| ancet 31 iigFif. 3BoShd lamcettfilris thee rdmactsd,ragd bload dr fhsd doyaygsilomithdpieioed neans

for moving  the ]ance not 0 The sensor, str.i of a sensor
hosentl y Jakinimicks At b S8ear. B8 B0 Thaisoes Ay hedereiedouh fubBe bnder

ski n-cont a senédt N Reeaft rhiéh §Pard NE

housi ng 1.%%6;3%| n- c?ﬁ?gctiﬁgs%gt?gs%ﬁggeg ggiél nst%Pﬁ’e skin of the
user, whi chntegtabm’t@frth@mrlmmgb@mcsamlslswemngtwm@gﬂm surrounded by the
ski n-contact ring. en hetdev e IS acf’ tehe Ianctgt de lice é%l
m)ves downwar d, pier r‘ﬁg e énast}gﬁg gﬂ} e‘" I n
Fig. 3B Tgﬁerée%fiﬁ@ihﬁhth&lttﬂ?ﬁ@w?ﬁﬁg fhe b&idor mm}om@hs&rlwmlghb@wm from

t he pierce skin wicks into the sensor. (Fig. 3C). The sensor may be

desi gned spidsed hasloselpeodinity éq the semple wqhhsao@@ngfbw thisrRiergieesoieaikranpfer 98
(see Fig. 3 Th| | sor,
may be the® g??ﬁ °é\£§h%fﬁe?ms§’9ép% a e%%é'%% cco&’ggrEl ea@&g%ma{lpﬁer na {g

enmbodi ment pdceddwithouy aioketent of the hoasieg: t ndash Meembbainpéntthesenkdids SKi n WI t hout
first piercing the sensor assenbly. Theaaiensor S esl &d t o be | aced in

cl ose prOX|Pﬁ$1‘E19mtdan?’f€“§‘éﬁ'ﬁ‘}°é’“Wﬂg&?“F§ therelorg 1 ”bEF eogifiny of &g 1 hat
transfes  MmbRCalh iRl el g} BB aQEftiisnans %mwm%@e 118} P

sanpl e acqui sftion and ana ocess wthout nmovement of " the housing.
I n such an oemcmﬂgﬂrasamphefosmmmsscgmtofﬁhedumngdeheﬁtplgmmgdh@ $lan.cutti ng

devi ce, and theref | at to th f the 15 le, h
hat the- S BHHRRer fp fessklt Bt Regstioa RSl the Bempih Stk e 3BT0, i £y to
or touchi ”&cée?sngmb& oAl BhndsitefraCRRESTAMERESOor Ofor EXdenge!hd ilRSrad6Mh FRg,

pi ercing the
3D, orit could be an external _part of the sensor, for example wick 97 as shown in Fig. 3E.

20 The angle of the sensor with respect to the sample can be varied, and can be any angle
which facilitates efficient sample transfer.

In the embodiment of the invention as shown in Figs. 3A-3C, the lancet 31
and the sensor assembly 33 are separate. The lancet used in this embodiment may be of
conventional design compatible with the means for moving the lancet and the size of the

25  housing. Various forms of lancets and associated means for moving the lancet are known
in the art, including for example in US Patents Nos. 4,924,879; 5,196,025; 5,304,193 and
5,318,583 , which are incorporated herein by reference. The sensor assembly is a novel
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

2" for electrochemical detection of an analyte. As shown, the sensor 32 has a reagent pad 41
disposed in approximate alignment with one edge of the opening 42 defined by the skin-




such -that transfer of the sanple to the sensor is enabled. The sanple

upt aki ng and accepting nenber could be an integral part of the sensor, fsﬁﬂ 00
exanple as illustrated in Fig. 3D, or it could be an external. part o} 3
sensor, fokyex@iImse W ck 97 as shown in Fig. 3E. 20 The mrmusiofies he

sensor with respect to the sanple can be varied, and can be any angle

which facilitates efficient sanple tragsfer. In the enbodi nent of the

i nvention as shown in Figs. 3A-3C, the lancet 31 and the sensor assenbly
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use in the present” invention, and itself forns an aspect of the invention.
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10 15 20 25 contact ring 3. The collar 34 has a lip 43 atgfi nst which the

housi ng 1 ekinichetactering 3 askaxtendykrsess vhecndafdhsropss seas 3 definedwith-he gkifo t he

meter. Electrical cqntacts 44 and 45 ar i opening in
The 1§ p 43 oot inge e v Swtey il ) oREEGADR, fr bl o7 TPPT

pet weery t hejeosmemical Sighd /s to thé'predtaca/finslyteyand b bit@rpthegeaibepsst when
a liquid sanple is present. Wien the housing 1 of the neter(!]géqs i.nserted in
t he sensor abseshingfnid pleged wtithin-the cenml eneping of fhgdine\apd rapspeitiedhy Bugct s 44

and 45. In the sensaor. q@r@% f o hig - hN&n Phransittine WeSPOSed
adj acent t6eafﬁ\éeprg | '%E}g%n ac élc?ﬁh%ﬁSﬂg}l trlecxten S across ong end of the open
space 42 defe:nehemidahsiphal fioki the sesort h¢ reaganty. ard $edectediie providerger | ses reagent s

41 and el ectrodes for generation of an electrochenmcal si I n response
to the pre§bﬂ@@h6@%§89¥énwnéﬁt°éa§5?fﬁn?@%§ epinfts?ca‘qg%ggﬂﬁﬁ?ﬁ?g f1uid

pl aced i t NjppfdiRa G WAl BRARE BE eRfynlelBpdbld W cRlizihg BRBRRI(for Barkfle f | Ui d

into

glucose oxidase), and a mediator compound which transfers electrons from the enzyme to
the electrode resulting in a measurable current when glucose is present. Representative
mediator compounds include ferricyanide, metallocene compounds such as ferrocene,
quinones, phenazinium salts, redox indicator DCPIP, and imidazole-substituted osmium
20  compounds. Working electrodes have been formulated using materials of this type in a
( number of ways. For example, mixtures of conductive carbon, glucose oxidase and 2
mediator have been formulated into a paste or ink and applied to a substrate. See, EP 0
127 958 and US 5,286,362 which are incorporated herein by reference.
Figs. 5A-C show the assemﬁly of a specific embodiment of a sensor 32 for
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 threesets 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
70 glsobeused. The electrodes may be formed by printing. Groups of sensors are suitably

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




reactive proximty to, the reagents, and an electrical contact for
transmtting the electrochem cal signal fromthe sensor. The reagents1§£52m£
selected to provide an electrochem cal signal in response to the presence
of anal yt exyd $4/dsal case of glucose, suitable reagents wortTUSMalsde an
enzynme capabl e of oxidizing glucose (for exanple glucose oxidase), and a
medi at or conpound which transfers el ecyr.ons fromthe enzyme to the

el ectrode resulting in a neasurable current when glucose is present.

Representative medi ghOL,cRIPIVRAES aliviflagSifishye tbined Foikea ndiRiial WhikE e

conpounds such as ferrocene, quihones, "phenaziniumsalts, redox indicator
DCPI P, and sifficidatty steorg thattthe lanetiwibmit preccedbropghuthd substiateimmateriall 8B%r odes have

been fornul ated using materials, of this. type in,a n . or
exanpl e, nYQigT CntTRIATISRE wéh%afﬁﬁgﬁaﬂﬁﬂwg{;ﬂwa%@%&g%ﬁ% or
have been gsﬁuét%freeﬂl b0 1 PhaR@ B SpeRing! TAor aRFbaR BIY: kBSudrOvEich teSincai @n See,
EP 0O 127 and US 5, 286, 362 which "are incorporated herein by reference.

Fi gs. 5A- CpadsoBuititde amtreiaisifyr thé subsease icluide pelybieristrinst high densfnsor 32 for
i ncorporation in a ;@gﬁgg assenbly in accordance with the invention.
Contacts 53okREYlepe “are formed on a non-conductive substrate 51. In

t he enbodi ment shown aifgy file@lectr&ids hivdRen fRfne®fa witlleged 36 i@ plhcédisretiret s of
| eads are forned to create two worKi ng el ectrodes with reagents 52 and one

ref erence epening Htiand tik electorden duciu sardent pads S.Fig: 2B)-y Thiswasl 25t atn
conductive carbagn inks | t.hough ot her l\Le; Ll al so be
used. The éi‘g}&o?@&t?%?ﬂﬂemfvﬁ%ﬁ@ ]51)?? %%?%g#l%ld\é&dgg%@t% lécgr@or’s are
suitably feiuBéraRralsihaede iionvhéshr hadonfewdsdshrowevet, napeparaté wickise. 1 S E P
2004 WO 01164105 PCT/ USOL/ 07169 -9 10 The substrate gﬁ nana ta %ousl y
be f or med eesstasy, ia b e halk rin e subsirals S BHEPYIGIPHAES 4 HRLIANEPaPtFlc o1

w |l not pierce thraou 15@#,5 ' h B8 usclhadad it i on

i ssues in ?‘h eé?@ﬁﬁpgps %%ﬁ’f‘?gpﬂ%‘%f?g% a g%ﬂn%%}@[%%u#??@%gie, however, the

substrat e Big@atndtion Rvithea wick epéxfina g cgillany chanmebfor siprorptionrod thyrsampledh t he
| ancet can pass. Suitable materials for the substrate include polyester

strips, hi @FPQ!@’%’FIGS;/ pol yet hyl ene and ABS. After the el ectrodes have been

formedysa wick 'ayer05@%@w@ﬂ?ﬁﬂe&ﬂtﬁﬁn&ﬂﬁ@d%ﬂ@ﬂﬁﬂo%dn%@lmﬂ odes,
i ncluding the reagent pads 52 Ig. 5B). This wick acts as _an absorbent

menber to dypmovidadpTle inmtlationtiek belds e wiskiinglacgeandidefipes thepath duevgides.
which sample can migrate. Thus, the insulation ink includes an opening having a hole 571

in alignment with the hole 54 and a contiguous region 572 extending over the reagent pads
52 of the electrodes. Contacts 53 remain exposed outside the edges of the insulating inic

20 print 57 for making contact with the meter. Optionally, a top cover can be added to
protect the reactants. Such a top cover could be made form a polymeric film such as
polyester.

The sensor of Figs. 5A-C may be assembled with a skin contact ring and

collar as shown in the Fig. 4. Fig. SD shows an alternative configuration. Sensor 32 is

25  supported on a skin contact ring 3. A collar 534 is affixed to the edge of the skin contact
ring 3 and sized to receive the distal end 535 of the meter unit. O-rings 536 provide a tight
seal between the collar 534 and the distal end of the meter unit 535. A contact 522 on the
distal end of the meter unit 535 makes electrical contact directly with the contact portions
of the sensor (for example contacts 53 in Fig. SA).

on Figs. 6A and 6 B show a schematic representation of an altemative

embodiment of the invention. In this case, the lancet 61 is a hollow cannula disposed




Sui table materials include nylon nmesh In sone cases, however, no separate
W ck is necessary, as when the hole 54 in the substrate 51 |nherently
provides a capillary channel to the reagent pads 52 of the el ect r odelsSEP 2004
Pol ymer filyg di@Mess coul d al so be used instead of or inPCHMSOHGMéON With a
wi ck to define a capillary channel for absorption of the sanple to the

el ectrodes. 15 Over the wick (if presemnt.) and the electrodes a print of an
insulation ink 57 is provided. The insulation ink holds the wick in place,

and definegq E%‘ﬁt {?,QEQ s&r360629 MThe ' MYc 65 1 280 Re Sere8 6 Ndag ba bricdtbdi s a diligle
i nsul ati on“ Ak I ncl udes an opening having a hole 571 in alignment with the

hol e 54 andnmwhnmms tradersintecghoming 7 owyse. hvgsmgéﬁsuﬁwgmfél&ﬁéﬁﬁklﬁads 52 of

t he el ectrodes. Co 53 renain S4B tes t he
i nsul at i ng SPHRCt 5198 r‘igﬂfﬁgrfaWW| AL onﬁjééc) uﬁ%s{l%g meter o Optionally, a
top cover ganthe .adead tﬁelaﬁée@SECWhEﬁlﬂleﬁieﬁ&t@laétﬁrateSumblacétapdﬂm\sansocoul d be

made formg polyneric fil msuch as polyester. 25 The sensar of Figs. 5A-C
‘may be asserehlrﬂdnv]pwtlwardsmmmbhmgﬁmltﬁ%@%glgc@)lwséglpwﬁwm e Fig.
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O-rings SSé rovide a tight seal between the col I% 534 agld t he, di stal end
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535 makes el @g%ﬁ%cal tbae%ﬁ ‘gﬂs& E%té%( %ﬁwﬁo@d&ﬂpﬁelﬁwﬁlﬁ Ofeer o;ﬁ.font he

sensor (fof¥ Figs. 6A and 6 B show a
schemajg@ c h@rpﬁ@ﬁﬁﬂﬂﬂédwnhehsﬁfaalemenmmwmwmmdMnmoiheltf’fl@ﬂl vbaition. In
this case, the lancet 61 is a hol | ow_canpul a di sposed 1 SEP 2004 WO

01/ 64105 P@FrwdeRseticsyt sampie b 36 beeposlledted- 11 1 adj acent to the sensor 62.

"l oaded i nto & houo e o o e ol udes.a ki n-

sensor assembly of the type shown in Figs. 6A and 6B. In this apparatus, the sensor 62
has an integral lancet 61, and is slidably received in a first housing portion 67. The distal

15  end 3 of the first housing portion 67 is pressed against the skin of the user, causing the
compression of spring 66 and the exposure of the Jancet for piercing of the users skin.
When the apparatus is removed from the skin, the spring 66 causes the first housing
portion 67 to move outward, to once again shield the end of the lancet. The sensor 62 is in
electrical contact with a contact 22 which in turn is in electrical contact with the

20  electronics 21 via a connector 23. A vacuum plunger 24 is disposed within a second part
of the housing 68 for creating a suction to drew in blood or fluid.

Fig. 7 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




contact ring 3 which creates pressure to displace blood or interstitial
fluid out of a puncture created by the | ancet 61. Wen the device is
activated, the lancet and the sensor are driven downwards as a unit {1&EP )p
puncture tRgoskdstos (Fig. 6B) The sanple is then drawn upetcthusugmnehe

| ancet to the sensor. The dwell tinme in the piercing position is |ong
enough to permt sufficient sanple tojpe drawn into the sensor.

Al ternatively, the novenent of the lancet nay be in only one direction,
with the entine deui ' BB N cstdd i, 98 tmagamBIbe fhasedbeen
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assenbly ofy thg tupe shown in Figs. 6A and 6B. In this apparatus, the

sensor 62 as an Integral |ancet 61, and is slidably received in a first
housi ng portion 67. Tigs. 8h<3 siowserfurti®r embedimerntiof $he invamsipmg Thdavieesas7 i s

pressed agai nst the skin of the user, causin he  .c [ Lon . of spring 66
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appar at us_igg f @R fmQRe & cakd, the nidd hSRNANYL St ssitratifieoff | r st housi ng
portion 67 to nove outward, to once again shield the end of the | ancet. The

sensor 62 ilsmcktsensireirs anskd timingiagshanjym for sutematically using g RS 2HPeUrn is in

el ectrical contact with th |l ectroni cs I: uum
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@ suctiion teg1MbaNehddr BhieOAdQs tel frbgtency ingih whichesingdocthe esget andlytets of an
enbodi mrent of a sensor assenbly for use in the enbodjnment of the invention

shown in Fidgsired. Fonexampleinp fevierioniatineforblppdglucoss, ¥ith vehie laprsvsensfse
portion 72. Th?ﬁﬁi@ggﬁt&gﬂﬁs &ﬂﬁbgﬁoeﬁ?ﬁs@ﬁoﬁ‘éaﬂfﬁ Jufl Ogs RhAGEn Rheed L €71 2l
or they may?bd r

om separate pileces Joined together, for exanple with

an adhesi \tgplach theolaheuy/strzossat reasonpbis ftarvillrfotglamipletwhicesedayoondeaniay,r such
that the hollow interior 74 of thera\|e$ance1tl iséj n conﬁacvt wth, the sensor
75. The serf8eR cveryoBsE dayg The dming cagualsg bg sbarter for RATPIHE “BoPIRIe: BoPRi%n, as

shown, o1 %c%@%ﬁ%ﬁlggm‘dg?&cﬁcﬁﬂmﬂﬁ f&r%&ﬁﬁﬁl@rinw&aﬁ&@faﬁf)idlfﬁhaﬁghk glucoRy be

utilized to sensor /5 in place. The second portion of the_ housing
68 may bearleveh(as desmhinpd by theidifftrbrse dntwedi fensucesssixn measuprgents), tha lagic annul ar

peni ng | n S BEES s Y SherBapET D 4SneR et R el g e T oudn &n

measurements until such time as the glicose level stabilizes. The meter may also be

configured to take several initial readings at short time intervals to determine a suitable
20  baseline test interval based on the degree of variations in the results. This baseline test
{ interval may be used for all subsequent measurements in the test cycle, or it may be
| shortened as described above in response to changes in glucose levels.
A suitable format for an embodiment of the invention in which the housing
contains a plurality of lancet/sensor pairs is the watch-type format as shown in Figs. 8A
25  apd 8B. The apparatus comprises the housing 81 and a strap 82. The housinghasa
bottom side 83, through which contact is made bctweén the lancets and the skin of the user
(shown in Fig. 8A), and a top side 841 (shown in Fig. 8B) on which the test results are
displayed. The device may be strapped like a watch around the wrist of a user, as shown
in Fig. 8B, or about the forearm or upper arm. Once in place, the device is activated and a

"™ number of tests may be automatically performed without further action by the user and the

result are displayed, individually or as a summary of a number of tests on the display.




15 20 25 annul ar surface 79, for exanple via contacts 77, 78. Contacts
77,78 may also be formed on the interior wall of the collar portion. 1Tgﬁ, 0L
sensor 75 may have the sane type of structure as shown in Fig. 5. Reag t%ﬂ
may al so bewdibgpnased directly on the lancet, or in a |aneet/ubarensd Figs.
8A- G shows a further enbodi nent of the invention. The device can operate
manual ly (no automatic timng function}2or performa test procedure on
demand fromthe neter. In the latter case, the neter housing 81 contains a
plurality ofyd-amcel/ #RUSeEe Bithé Senddidisk rhdyHeRaf-aRARRR (Shek@hplautiagat i cal |y
using the pairs at "pre- defined tine intervals. The | ength of the

pr e- def i nedikin-ooepiatibleradhesivey Thib prowifles wiilithen snyrisdy suddce] andebiminpiesdbe pairs
and to the frequency with which testing for the target analyte is desired.
For exanpl é‘,ee‘fﬁ’r sﬂé‘?/i ce for testing for blood glucose, with twelve

| ancet/sensor  pai r s pig@CIH siBwiafl eRflv@d vidw 6fthé edrhponest paete of angppaneisl our
hours. This results in a need to replace the | ancet/sensors _at reasonabl e

i nterval s, ihescoedeanpivith this embeginent of HigduveptionaClossst to Shchotioreside & ofdhe day.

The timng can al so be. s ter . for a ' r

sel ect ed uPRY*HS PRI Sigug’lﬁt irhﬁ“geﬁlg? @%422%#3%%,&% tﬁes@a'fglé@%?lp%er api dl'y
changi ng glygasiea pludRy of @Hscies B, IEa0ke serbor ihdheies b iéapestyad Shéin@atuct with
successi ve neasurenents), the logic <circuit in the nmeter may be configured
to decr ease pahreficlectpdes 8ol ReEle ss1a9s disk 8hhas arenayl apreiAg Lo dHow the SRR ¢ | me
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sever al ntervals to determne a Suitable
basel i ne t agith 1a¢,aitrAbnidarblingor wittesnaipgpgethen fittingsi ations in the results.

This baseline test interval may be used for, . Subsequent e enments in
the test cycle, or iP‘*W?Wa’élﬁbﬂﬂéﬁ’@&mégr%&%’*‘F@%&e‘iﬁﬂfécﬁ%ﬁ Yhse to
changes in u 4l AT qp=1 A ; '@k RENT tt he

i nvention i%ﬂ)mﬁgﬁp#ﬁfé%?sﬁﬁgu&gﬁﬁﬁgﬁs a ploﬁgdal?léte?/&of Iance’t?g{eansor pairs
i s the wat cindsyjetabtiigwmte sassos wilvwotiimteracigwith Sljecentrsdn®ns. Altesnadiyphyy theus
conprises the housing 81 and strap 82. . The housing,h a bottom side 83,
t hr ough mhiléﬁﬂ%HtPEE'?%?Pﬁl&B'e&ﬁ%qegﬁe%ﬂpf%dcl ﬁb%’ra Oﬂhé‘st%ﬁ%w%ﬁ? S Eée user
(shown 1in 'ﬂagahﬁﬁ‘kzo,%ﬁnéziQﬁﬁélﬁ%ﬁ%sﬁd&é@m.im eparaBB)in® 85 iwplekdt he test

results are I splayed. The device may be strapped |ike a watch around the
wrist of a aveethe sensosdiskié such tirt gue msor 812 ipgsitionsdainthy wasmhesieansde? arm

O s 2o B o TR e BB i
indicative of the amount of analyte from the electrodes 816, 818 of each sensor pair.
Qver and coaxial with the separator ring 85 is placed a cam ring 86 (Fig. '
20 8E). The cam ring has a ramp portion 830, such that rotation of the cam ring 85 results in
an increase in the thickness of the cam ring 86 when viewed at a fixed location. The cam
ring 86 has a central opening through which a screw or similar fastener is inserted to
assemble the completed device. The opening preferably has a faceted or toothed edge,
however, to allow engagement of the cam ring 86 with a drive mechanism for rotating the
25  camrmng.
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




result are displayed, individually or as a summary of a nunber of tests on
the display. 1 SEP 2004 WO 01/64105 PCT/ US01/ 07169 -12 10 15 20 25 1 SEP 2004
Alternatively, the device or the sensor disk may be self-attaching (for
exanpl e usiwigoRe416&i n- conpati bl e adhesive). This provi desPQI/WUBH0J168N any

body surface, and elimnates the need for a strap. Figs. 8C F show an

expl oded view of the conponent parts offsan apparatus in accordance wth
this enbodi ment of the invention. Cl osest to the bottom side 83 of the
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spacer ri ng;o&ﬁm;ﬂB@\nndes;tbas dﬂﬂepﬁﬁéép‘a?ré%\ﬁ@@rﬂséﬂmﬁbmé%ﬁﬁﬁl@én gherany o t hat

fluids contactin n
Al t er nat i véiRg, Sﬁt‘ﬁéo(%n[l F‘iﬁ%ﬂj’g’? ﬁ'{ghgrrm aﬁcc)) ﬁ a%Je?ﬁgﬁﬁgFﬁ]%fatﬁg%ﬁw 3e this
i sol ati on. i}meﬁ,wag@mémg tHAg g Ihe ir@isriging sdnsGANsk 8 andrthBikin efilie aser.

plurality o spokes 824. The se rator ring 85 is placed glgglsithe ensor
di sk 84 suckt thdsameoiime,dh'Sepond? danpel speksiis makeinioPosian alihe tReE Rt each

adj acent p of s NHER £isGhitel td £adsitgract s for
conducti ngadé? ‘?ng?%cg%nv%a-ggﬁf%e an%ﬂ%e?%dtﬂaﬁa lyte frgé)n?llt he el ectrodes
816, 818 Ofmcﬁ@é‘sad gefledon. DB, eack partialdtatiomsd thl cah ring 86 bringyebort ane ring 85
is placed a camring 86 (Fig. %J% The camring has a ranp portion 830,

such that rsempingan eﬁ*‘H@“{?&H"F 85 results in an increase in the
thickness of the camp i hwiiiedisedRHl ofbn Ssktied abacsihbaoraliliga cam ring
roug

86 has a central opem a screw or simlar fastener is

i nserted tQgemseydodmaﬁshmblymf]ﬂlee:vNIShmeElgs%Foﬁemengﬂﬁ)ﬁéisép%‘(‘# has a
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15  the housing, and has a larger diameter than the spacer ring 85 such that it can make
electrical contact with contacts 802 disposed on the bottom of the housing. A small motor
803, such as a stepper motor, is engaged with the cam ring 86 to rotate it with respect to
the sensor assemmbly, thereby sequentially activating the lancets associated with the
sensors. ‘The motor 803 is controlled by electronics 804, which also receive signal from

20 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

" gutwards from openings {or weak spots) 93. One of the electrodes in each setis a

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




camring. Over and coaxial with the camring 86 is a lancet ring 87. The

| ancet ring 87 has a rim840 and a plurality of |ancet spokes 842, eaqc F‘)f[lﬂl.
which has a free center end. The lancet ring 87 is positioned such tha

each | ancetwgsppkgoB842 is aligned with a space between theCEpISKEIIB24 of

the separator ring 85. The | ancet spokes 842 are nmade of a flexible

material with substantial nmenory such.as-spring steel. A lancet 844 is
attached to each | ancet spoke 842 near the center-end of the | ancet spoke
842, orientged | fHONRMRTLl 4S8 ind@RQtve 62 (Rl 4RO R 44BRA1AE NGk, 4.3 10 15
20 25 -1 n agﬂl}oggﬁaon sogtﬁﬁg%é?égﬁpoi nt of the |ancet 84é4£i S %i rected

t owar ds t hemeskrtrir 94dis skplid ovieach peningt93epd kach sgaf elgptgodss. Qvar dhegeroSuch

that they intergct with.the c rdn | Vin kes.
When t he. ddbe Best  iepaonleet B8 1ok Drck WaaRpRERE R el MEiminBR (T,
referred tovﬁ@%hgiagw}bé@ﬁodeaﬂge@ﬁor@Mhﬂae galxst antially aligned with

hi ghest part of the ranp portion 830 and is thus def|lected upwards from

its neutral or rest Fisi%G mavidesncfirthoreicned suph adeving, whichschidesyagkiar t i al

turn, this first .| et .spoke i s noxed.off - springs
downwar d, FoBHES Waftpqi?lb% O‘Ycﬁémiﬁa‘e?‘ﬁ%/?%cosnéa%g%ﬁ% %&mgﬁ&airrﬂ it ﬁeggzi n of
the user. tﬁftou ShARe lahf8s 98 8 togRGedthe skia 0EBE usdpOhisiopeniny 86l miovto

position at thé highest part of the ranp portion 830, and each of the
ot her | ancevitishoketationsofithe srindle §% suchibat copsnsuseessiyely e abgnrasnt Maby e

Thus, each Pafl Ll ihal | A lndiinBRTHEI0E 90 o0f %5080 U p RGB! | 10

I
and neasure OWS a cross section of" an assenbl ed
gevi C€ 10NCOogyRAE §ihdlg when HRASMOTr Sypahibiiams eogothyr. Aot 996 it heaop hibtha spindi gs.

A-F. Spacer ring 85 is received wthin an_opening on th attogm of a
housi ng 80199@@M§éheﬁlgélﬁdb&°qt§°‘H’PEBB%‘&'&P%?(W‘&%FOW °epﬁfé‘“ﬁ5’8§f‘% Pand has a
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nmot or 803, EisttEibal @6ntactds madebetwadndhis upper eagHt dndankactsit Gapentaat §986 t o
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15  are not at risk of being exposed to fluid, and where they can be reused. Because of the
sealing engagement of the upper case 901 with the base portion 902, the contact 904 also
rotates and comes into contact with one electrode set at a time. In the case of a device
“permanently” attached to the skin there would be as many skin-contact rings as there are
sensors. Only the spindle moves, testing with a fresh lancet and a fresh sensorat a
20  different 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  ircuitry 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

7" 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




sensors. The notor 803 is controlled by electronics 804, which al so rﬁgfﬁve
signal from the contacts 802, process the signal and transmt instru oA
for an appropriate display to the display 805. A small vacuum punp 806

(for exanphg fy/d¥edEdr ane punp or actuator punp) is also dicasoeded t hin the
housing 801 to create a suction which draws sanple into the sensors. This

punp may be on continuously, or it mayjde controlled by the electronics to
be active for a period of time spanning the activation of the notor to

rotate  tNeaSoU Ldfifco A Hftel biGidks fuhORIRRIMIBAIKY0CAS] dieecpbimotat ed

prior to |anctng, cient underpressure acting as a signal to
start the I(ppestihgcthe bansoritisk araspindle) aridskvagunrs genepptori(iiprasent). cYalpes h the

same way as the sensqr . shown_in Figs. = Thus,.. I n Figs.
9A and B, dbﬂ%@t‘ga}gglsoa‘l’eeﬂﬁfég&tiﬁ? B’lfg“’Qf @%@Mﬁé‘ %@V?%%ebyytgg?l&gtﬂ%ﬁ%%{]r odes
are deposit?&e&g substrate 92 in sets of three radially outwards from
openi ngs (c?r Weak spots) 93. One of the electrodes in each set is a

ref erence el ect rode, Thhfdregditgpdeseripsions ofvaripes entholinragtscddhe ingerdionwhi ch

i nclude reagents 1 SEP.2004 WO 01/64105 PCI/ USQ1/ 071 -14 025 1) n
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anal yte. Nes?&ul%ﬁev%ﬁﬁﬁfeﬁ%{%:ﬂp. SR RBlb RS, v eb nopabludpemingivd3 and each
ctrode

set of ele s. Over the top of “the nmesh an insulation |ayer 95 is
formed. Ondeplehenktionn Fodiexdmple Whilerteedlandet ring;8his shays with the fas-andeofdbpier

conponents to formthe conpl ete devi.ce,.Figd. V] : vi ew of
such a devilé‘@?tSthS&'ﬁ(?f’ eogﬂlée%’htw%gﬁf 5?C%Fd;ggb%dag%mtgﬁiééjéég\%§hsurface.
The skii) cQBLiAGE usdd i vABCISIAE 1AUAGEgdas @Earlikegofffguritivndn wWhisithe fre¢-beis| ancet s
98 pass to pierce the skin of the user. This qgpening 96 npves . wth the

rotation ofard prentedpwisiardso Similayhy, theflancetingecould Repesstentiensd. i viych £3sg hfent

w th each of the electr jgﬁﬁ]}m hawiahivk b usd6f t he
| ancets ar é’a'ﬁrrﬂlgtvé%usl&%cﬁé%g&%%?{aﬁlgg%?%%?tg?%gﬂ the sc;rnsor asslenblu; i s put
t oget her. %sﬂigrl]&&;@udtiﬂgbhﬁ ok Bmmkr tohetiwapd thel lapcet @naby-ous, it hennlas thaed | ancet

to drop through the spindle, to pierce the underlying skin. The upper case
901 of t he roigisdhiongh thepositipy ot the apfBAE- nortion 902 with an 0-ring 903 seal .

15 The devices of the present invention may incorporate a variety of additional
features which enhance the characteristics of the device and make it easier to use. For
example, the devices may include an audible or otherwise detectable alarm which alerts
the user that it is time to take a measurement. In the case of the device shown in Fig. 1,
this alarm would indicate to the user that they need to insert a new lancet and sensor (if not

20 already done) and take a measurement. In the case of a device such as that shown in Figs
8 or 9, the alarm may actually precede the taking of a sample, so that the user will not be
surprised by the lancet and will know to look at the display to observe the result.

The device, particularly the device of the type shown in Fig. 1, may also or
additionally include an audible or otherwise detectable alarm which alerts the user that

25  sufficient sample has been collected, and that the device can be removed. An audible
alarm could take the form of a click, caused by the release of a detent within the device, or
might be a beep generated electronically in the device. One way to achieve sufficient-
sample indication is to assume that a pre-defined period of time is sufficient to collect the
sample. In this case, the first appearance of a signal between one of the working

10 ulectrodes 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




El ectrical contact is, nade between this upper case 901 and contacts 91 via
contact 904. This allow the analytical electronics to be |located awayl $kfiit
t he sensor disk where they are not at risk of being exposed to fluid, and
wher e t hey w@pikges eused. Because of the sealing engageneci/usii/orise upper
case 901 with the base portion 902, the contact 904 also rotates and cones
into contact with one electrode set atjg.tinme. In the case of a device
"permanent| y" attached to the skin there woul d be as many ski n-cont act

rings as ”t?ofrgxﬁéﬁe 2363385 3ate OV AL s@RIO faf A BPYE Gotertfifdd Mehgint h @ fresh

| ancet and "a fresh sensor “at a different sanpling site each tinme. Fig. 10
shows a schdeeibdcpairctpvagperdpatial devatidn dnd sepskasion seahi that apteleckicebsignal Kesdpor at ed

in a device in accordapnce with the invention., As sho Lhput si,gnal s are
provi ded f rRORFIRIA °t§"€ﬂ§gﬂf’§1e\§lhﬂgqsr“g’ﬁ? éﬁcﬁeﬂ@f‘ﬁﬁlgds %rﬁ?"ﬁ%netnggrtca%erh%

suf fi ci ent - APl Rich RLACHE caMtRlaBTpk Of dedtioiital golll, ARARNIY GgiysEaeed onhese
signals aretransmtted via analog ™ circuitry to a processor which perforns

dat a anal ysiosduciivity poteotigstifferepes \or dorenbilew (amperqmetrie. spl ay driver which is

connected (via a wired.or, wireless connectd.on). to_an t l.splay.. The
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constitute the output portion of the device. The data analysis processor

al so conmuningds emionak mndcanchereslaced axthogher pempangalfFRd af SEEERARCS n whi ch

I nformation including calibrati.on.infor i A | 4s may be
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unctional output signals to control a steeper not orw_géfor rota,i,i ng the
sensor di skA Gedeask meckanism tells theaser fhat dheskinnage coptechvish the ali8s from

the tinmer may .al s I ' ?&EEW tel | zaLi by the
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towards the C ering, It w be appreciated that an alternative

geonet ry 1Ghetadoweh ib eespensg to thiskigwah t he | ancet ring has a star-1ike

configuration in whi the free-ends _ar. i tf‘aﬁ! I VWRGAS 1o pld: hidleh Y, the
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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 finction 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 iu 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 2 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 in

providing glucose measurements. Moreover, for embodiments in which there are 2




camring would act to release rather than create tension. A further
alternative is the use of a single actuating camor hanmer to activatefﬁhe
| ancets. one-by-one, in turns, as they rotate through the position oﬂ % 2004
actuator. Lgohhesdevi ces of the present invention may incecpaseiied variety
of additional features which enhance the characteristics of the device and
make it easier to use. For exanple, the_devices may include an audible or
ot herwi se detectable alarmwhich alerts the user that it is time to take a
measur enent ?Eﬂ§ woul d

i ndi cate tcP?%?ﬁyuser t %?9% ey need ?&m?nSEE%bg@ﬁ%&?uéﬁ%g%ﬂgﬁgaggﬁg%r (if
not 20 al retadgmﬂsmff)amdthnaMumgmmmuﬂmg frommrepefiitive peetuwés mﬂm:nmee such
as that shown jin Fi 8.0 he a y .act ual ece he taklng of
o sl e | Seratinn The iRl 4od il hapBIAER 9 Py oY SHREST SREB Y w 1
Know 1 0 | 00kt dhiskiBe ﬁﬁﬂt%&gf&mﬁﬁ&rm TES Wbt ont ?&%ﬂﬂ&&ﬁ@wkﬂﬁréf' cularly
the device 0 e type shown in , y also or” additionally 1nclude
an audi bl e mM¢asaehentsi veith kém;sam,ahiana]ad) promide/firamare ecqusatt tesultibeauserndthe2 5
sufficient sa | e has oIIect and t hat vice. can be renoved.
An audi bl e beag Fﬁ"iseﬁ’&? W%‘Fe‘&e%flwgﬁ%ﬂ BB tasireaf 8 ease of
a detent wi E%hiévhﬂeh tﬁﬁu %hze@ hhe 8%ic8 rIR6R B eRRIAAAIBbALIERREGAl | Y in
t he devi ce. e way to achleve sufficient- sanple indication is to assune
that a pre-sdmplenmdtapainatediwastet ine is sufficient to collect the sanple. In
this case, the first appearance of a signal between one of the working ""

el ectrodes and the reference, or between the separate sanple-nonitoring
palr of electrodes starts a tinmer and the sufficient-sanple indication is
gi ven sone pre-defined period of tinme 1 SEP 2004 WD 01/ 64105 PCT/ US01/ 07169
-16 10 15 20 (for exanple 2 seconds) later. Sufficient sanple may al so be
determ ned using an electrode pair having a spatial |ocation and
separation such that an electrical signal is only possible between the

el ectrodes when sufficient sanple is present. In either case, the signal
which is collected can be any type of electronic signal, including signals
based on conductivity, potential differences, or current flow
(aznperonetric). Wile the enbodi nent shown in Fig. 1 incorporates a
skin-contact ring as a neans to help with the expression of blood or fluid
fromthe puncture, this skin-contact

b




ring is optional, and can be replaced wth other conponents such as a
suction force generated by a nmechanical or electrical punp for 1 SEP 2004
acconpli shing the sane function. A variable, user-selected vacuum force

can be used to ensure sufficient bulging of the skin. A feedback nechani sm
tells the user that the skin nade contact wth the sensor. Two sinple
contacts bridged by the skin can achie¥® this. In an appar at us where the
user is creating the vacuum (for eXEEBle by drawi ng on a plunger), once

t he apparatus has detected the ski Suser is alerted, for exanple by

an audi bl e or visual signal that no nore vacuumhas to be created. In an
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capaci provi dihg counseling to a

user when mﬁg}f'@frfmbodQﬁﬂhé}ﬂﬁlﬁmlcpl@bﬁpﬂﬁdgfOr the analyte. Such counseling
m ght be in the formof a pronpt to call a physi

cia
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parent or nurse) to changes in ucose |l evels. The ﬂﬁ’\“ ces . 0 l#a(rl}ﬁ present
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Ahal ysi's tunctions in a single device. First,
such devi c@g anhl§titoneer, Iqe]euﬁler to performfevver steps. Second, the user is
not required to mani pulate a snal érode into,a slot in the meter.
Thi's all ovs f or therating MEmAeT gsge f housing #9des, which (as descri bed

in US Patent Ap d %?ﬁtulogﬂexjr\ll&al &%@&%%n%es Ahirzbrptive mdilﬂmrmrrtht:aﬂtaheoél n by
0

reference) are ess expensive to nmake and nore accurate Erow di ng
gl ucose neasmﬁpmumOMrlmmlal ﬂmri whtreii the mesns 101 RREAANS M@O&‘P 1 SEP

2004 WD 01/ 64105 PCT/ US01/ ur.al N SRntBai rs, the
sanpl i ng sPYENEFFTERET MAVE \e;ﬁb Peg 2 c&rlgﬁ% ltlg)g{t?%hﬁ@%ournse of a day,

thus r educlﬂ% %%}U&Moﬁ ﬁ"?whfch@»ﬁmfdf(lﬁé ﬁ@?ﬁﬁpléﬂcw’, apyd edtereie shd q:ietttmhsiawél
| ocat i on. ention also allows the utilization of Vgoﬁ{ rIE sanpl es,
1P p.

whi ch ni ghlsensot isefhwosei $ushdhatithe el SOTRUY e (RERRSK L4KEE P 3 SSBRL Thi s not

only facilitat the aki ng, - Satiet Bith&SSnSFnRent bt thean al so
provi de foi’le’élC %ﬁl"ﬁ? eelslhrg%%g Eﬁsgl (SI)? the benefits associated with

smal | -sanplagpﬁa@gurenents. In addition, the taking of a snall

2. The apparatus of claim 1, wherein the electrochemical sensor and the cutting
member are disposed such that the means for engaging and moving the cutting

member causes the cutting member to pierce the sensor prior to piercing the skin of

the user.

3. The apparatus of claim 2, wherein the means for moving the cutting member moves
the cutting member back to a retracted position which may be the same or different

from the first retracted position after piercing the skin of the user.

4. The apparatus of claim 2, further comprising a skin-contact ring disposed to apply

pressure to an area surrounding the piercing of the skin when the apparatus 1s pressed

against the skin of the user.

5. The apparatus of claim 2, further comprising 2 vacuum mechanism disposed within




sanple which is optimally utilized by the device reduces or elimnates

di sposal issues for sanple-contam nated waste. 1 SEP 2004 -18 CLAIM5 1. An
apparatus for detection and quantitation of an clectrochem cally-det ed t5EB) 280
analyte in blood or interstitial fluid, conprising: a nmeter unit conprising
a housing, nmeans disposed within the hou5| ng for engaging a cutting nenber
and nmoving an engaged cutting menber, a tidrmect or  di sposed within the
housi ng fq e GifdnGhé drdigsjsanal yt e
and transﬂ#’fgf’%ég%{jogaccgﬁe alt?%{n%gﬁ EHE%?II légﬁégﬁ%rgit?ﬁ%veﬁ of tﬁﬁep anount of

anal yte, prafddd agdhaphaykippetrtuseel y-associated with the connector for

di spl ayi ng the amount of the analyte to user; wherein the cutting menber
engaged wi thin the housing; and the el ectrocheni cal sensor conprises an
absorptive nber f ¢hi®d) sbritosy &ldiahi al
fluid, whetdi PRI a&ﬁfr&ﬁfl%&t g&r(fgl g%lﬁ%ggﬁg%s’f%‘“’%‘g@ cutting menber noves
the cutting u@}éﬁlbfﬁhr_taf@tﬁﬁghﬂnfbﬁﬁm an initial position to a piercing
position in which in of the user is pierced, and wherein the

el ectrochem cal sensor is disposed such that the absorptive nenber takes
up a sanpl r.om B BhérkichlSsepices eed by the

| ancet wi tﬁ fh Valte&ﬁ%sn(#icﬁl&eﬁ%g%ﬁ)g{reﬁﬁl 2, e‘ll'érelg‘ie}%appar atus of claiml,
wher ei n th@-oeideatdhchigm cal sensor and the cutting nenber are disposed
such that the neans for engagi ng and noving the cutting nenber causes the
cuttlng menber to pierce the sensor prior to piercing the skin of the

user. 3. TReraDRALAkWSQaif] 'ﬂ'vme?emm&'siﬂ 512 flaked disk having agptand acut ti ng
rrenber noves cutting nenber back to a retracted positi fn \/\‘Af}u1 h may be
t he sane obowbrfx‘smrfmt and fuptinet érengrising 2 steapr fae heldingobe brBpmARtaTe 8% cing the

skin of the user. 4 at us_,of .cl | folageld
ski n- cont aBPYSRE %ﬁaé"f:% ’ggéz’p wtbelr%g %%ocgﬁhgcrgggngur r oéu%dﬁ& ng the
pi erci ng ofgthet sdkine bW&%Hl @bﬁc@&ﬂﬁmaEUﬁlng%@ﬁM§MVe agpiertstthe flenski n of the

user. 5. Thé apparatus of claim2, further conprising a vacuum nechani sm
di sposed wacﬂjlammt to emopopoface.

9. The apparatus of claim 8, wherein the display is visible to the user when the bottom

surface is held against the skin of the user.

10. The apparatus of claim &, further comprising a timer operatively connected to the
plurality of cutting members for antomatically taking and evaluating a sample at pre-

defined time intervals.

11. The apparatus of claim 10, wherein the time intervals are adjusted in response to

amounts of analyte as determined by the apparatus.

12. The apparatus of claim 10, further comprising an alarm for indicating to the user

that sufficient sample has been collected.

13. The apparatus of claim 12, further comprising an alarm for indicating to the user

that it is time to take a sample.

14. The apparatus of claim 8, further comprising an alarm for indicating measured

levels of analyte which are above or below preestablished thresholds.




- 19 the housing to accelerate extraction of sanple after piercing when the
apparatus is pressed against the skin of the user. 6. The apparat ug Sgp
claim2, conprising a plurality of electrochenm cal sensors and an equal 2004
plurality of cutting menbers. 7. The apparatus of claim®6, wherein the
plurality of electrochem cal sensors are rovided on a disk. 8. The
apgarat Estof cl ai ][n 7, wherein the housi ngzgs a flattened di sk having a top
and a bo surface, furt ri.Si ' t he

Dot t om sur FaddeaprRags Bftiba: UBkeRRE| B indntt & 3bR0 e e

el ectroche,ra;ga&r_sensors are di sposed adjacent to the bottom surface and
the cutting nenbers nove to pierce the skin adjacent to the bottom
surfa\(lz\ke]., 9. Thg ?pparatus of claim8, wherein the display is visible to the
user en ottom. _Sur ' ' : ki 10. The
appar at us iﬁ_]‘er(!]legpﬁfﬂg},usfogrc Ia%ﬁgf h%%ﬂr%g% &gﬁghgahﬂg?pﬁg?g?{cgﬁtdgggIrtlheect ed to
the pl ur aplutalicpbf euttihé AgnitRADRE sutbmiatiedllydaling ead kyalvatkigrigsampde @ypfuat i ng a
sanple at pre- defined tine intervals. 11. The apparatus of claim 10,

wher ei n t héefineddimaievales are adj usted in response to anounts of analyte
as determ ned by the apparatus. 12. The apparatus of claim10, further
conprising an alarmfor indicating to the user that sufficient sanple has
been col | ert.cthe dpBarafiserfaiuimr i, uhermin theainm ibpervals areredjustediprePORE @n al arm
for indicating to_the user, that |t is ti to take a sanple. 14. The

appar at us #PoRBtaPhAEAlYE 3 CRETMIESHEY e W@a%ﬁ“sal arm for indicating neasured

| evel s of anal yte which are above or bel ow preestablished thresholds. 1 SEP
ZQQ4 -20- 15. The apparatus of claim 14, wherein the alarmtransmts a
signal to a8rBrmipparateceicsm 16 Gurtitheomppairaensiagn for wdiprBne I hemsy
conprising_.a tijger operatively connected to the lurality of cuttin

menber s fthaéﬂfngﬁ’épf g”éﬂlﬂ%lh?%]% chogﬁcge%val uating apsarrpl e gt pre- defigned
time intervals. 17. The apparatus of claim 16, wherein the tine intervals

are adjusted in response to e s
19. The apparatus of claim 16, further comprising an alarm for indicating to the user

that it is time to take a sample.

20. The apparatus of claim 16, further comprising an alarm for indicating measured

levels of analyte which are above or below preestablished thresholds.

21. The apparatus of claim 20, wherein the alarm transmits a signal to a remote

receiver.

22. The apparatus of claim 2, further comprising an alarm for indicating to the user

that sufficient sample has been collected.

23. The apparatus of claim 2, further comprising an alarm for indicating to the user

that it is time to take a sample.

24. The apparatus of claim 23, wherein intervals between activation of the alarm are

adjusted in response io amounts of analyte as determined by the apparatus.

25. The apparatus of claim 2, further comprising a skin-contact ring disposed to apply




anounts of analyte as determ ned by the apparatus. 18. The apparatus of
claim 16, further conprising an alarmfor indicating to the user thag
sufficient sanple has been collected. 19. The apparatus of claim 16,1 EP 2004
further conprising an alarmfor indicating to the user that it is tine to
take a sanple. 20. The apparatus of claim 16, further conprising an alarm
for indicating neasured |evels of analz\}te whi ch are above or bel ow

preest abli sh res. - : viHeRithR araeserdrsddhe al arm
transmts %egs’%etngl a%t%ggg%e%ét&%]gwi%lgl ve%@tggsl%rhe appa?% us of Grjl(r:I aim 2,
further Coi%rﬂsﬁ't}ﬁg;k&nofdhanmrf or indicating to the user that sufficient
sanpl e has been collected. 23. The apparatus of claim 2, further conprising
an alarmfor indicating to the user that it is time to take a sanple. 24.
The appar f | i bHar i - brEMESinakhiiv@ieauirel t he

al arm ar eaﬁé@lazj}hgsapé%gﬁdr?ogglsaﬁ%gﬁﬂgl g%ﬁ‘?\%{gég? ~anal yte as determined by the
appar at us. le28is oT healgtppetiich ae abbvaedichalo? preestablished goagholds ng a ski n- cont act
ring disposed to apply 1 SEP 2004 21 pressure to an area surroundi ng the

pi erci ng of the skin when the apparatus is pressed against the skin of the
user. 26. Wl 2 ' B Sisfiabio dearote f or

i ndi cati nga-.}r]rg%%%géﬁ E#Z}\}’gfaéﬁ(%g%‘, g?rt]lglie;/r{ gl%\t/?hth?[glh are abo% or bel ow

pr eest abl i glaewet hr eshol ds. 27. The apparatus of claim 26, wherein the alarm
transmts a signal to a renote receiver. 28. The apparatus of claim 1,
further conprising an alarmfor indicating to the user that sufficient
sanpl e has)pegn da‘;@la}a%?stcﬁ%aaﬁ%, fﬂ_ﬂﬂ‘ibr@ﬁﬂlﬁﬁﬁhg%n(afarml fat mdicatihgtd therseonpr i si ng
an alarmfor 1ndicating to the user that 1t is time to take a sanple. 30.
The appar atasswificehbsampe haswrenaioHedied-er val s bet ween activation of the
alarmare adjusted in response to anounts of analyte as determ ned by the
apparatus. 31. The apparatus of claim1l, further conprising an alarmfor

i ndi cat i ng,oeRRERAratheRlEmOf, fafidrycompyising hnatamafoo weliGingéd G user
preestablished threshol ds. 32. The apparatus of claim 31, wherein the alarm
transnits thasitgmtimerty takeraspptnde.

30. The apparatus of claim 29, wherein intervals between activation of the alarm are

adjusted in response to amounts of analyte as determined by the apparatus.

31. The apparatus of claim 1, further comprising an alarm for indicating measured

levels of analyte which are above or below preestablished thresholds.

32. The apparatus of claim 31, wherein the alarm transmits a signal to a remote

receiver.

33. The apparatus of claim 1, wherein the cutting member is a hollow cannula having
a proximal end and a distal end, and wherein the proximal end s in juxtaposition with
the electrochemical sensor to permit absorption of fluid passing through the hollow

cannula by the absorptive member.

34. The apparatus of claim 33, further comprising a skin-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.




receiver. 33. The apparatus of claim1l, wherein the cutting nenber is a

hol | ow cannul a having a proxinal end and a distal end, and wherein the
proximal end is in juxtaposition with the el ectrochem cal sensor ﬂoSE%ﬁHﬁt
absorption of fluid passing through the hollow cannula by the absorptive
menber. 34. The apparatus of clain133,zgurther conprising a skin-contact
ring disposed to apply pressure to an“area surroundi ng the piercing of the

ski n when BtSh?h@Qgﬁz[rﬁitug%f tBim BUESRR&EinAHahfeahs fohenshigihefcutting roeeber 1 SEP
2004 -22- 35. The apparatus of claim 34, wherein the neans for noving the

cutting nembess theowtisg nrentenbeilng ansirheed petakon whighmead kched@PESl ti on whi ch
may be the sanme or ifferent fromthe first. r e Liion after
pi erci ng tfﬁgfg’é%t ﬁ'oﬁjft?”? IﬁéStdgté?qte‘%@.mﬁ?eaﬂgbBlaeFCé{lgfshe%g L’c&atp%ﬁgég; further

conprising a skin-contact ring disposed to apply pressure to an area

surrounding the piercing of the skin when the apparatus ia. ‘ig)r %sed agai nst
t he skin 036.(The appaatus 37 claith@Safheneampraing? SfACeBaCIRH ISR ﬁ‘?g % plurality

of electrochem cal sensors. 38. The : ' P Rk the
plurality W?%PE’E?W’B&WE‘%Fu%%%’g%tﬁgggg%pg g%@’%esging&lmﬁ dr sk 39, A sensor
assenbly f ot heghihaahenkiaarf klaisest i on of an anal yte when associated with
a neter unit, said assenbly conprising a collar nenber, a skin-contact ring

and an el ectrochem cal sensor, wherein the skin-contact ring conprises a

wal | nenbe, avin cent r-al.-openi ng. W LS eRRGo SRERDM seRers. ends
f or med the$%t1ﬂ}e&?§%fagisﬁgcsaéﬁ%e3gf fg%g Igghn%%ﬁﬁsr;elggorei s di sposed adj acent to
the skin-contact ring and extends across the first open end of the

skin-contact ring, said sensor_ conprising reagents far .generati of an

el ect r oched$.care anpgrats 9felamsiyo ndereipthe Wgurﬁlﬂté’scg ﬁleétr8&céwg? yst% B%te{én an

adsorptive %Sﬁe%ronf:%i ?bsor bing fluid placed within the central opening of
n

the ring B ranspoF ing the fluid into reactive proximty to the
reagents, and an electrical contact for transmtting the el ectrochem cal

signal fromthe sensor; and the cqllar ., nmenber I ymnber
havi ng a cé?rtf?*éFn%bé?ﬁeW@?Xgl‘cE@E@‘&VFH'balQe%B? nl%iﬁa%o ai)tﬁﬁglhgrr%\té%ro l:_itﬁ?t and
hol di ng it i@ PRslek LR, §M<i4 %ﬁﬁﬁl@%@hpﬁ@im@Q&oﬁhﬁﬁkﬁbeﬂj ankiatorsansog aahd  t he

ski n-contacting portion. ) € sensor assenbly of claim 39, vvhgrei n the
sensor is dnszoyechenscalsensor iehereinthe skin-contact ririg comprises a wall memoer

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
adsorptive member for absorbing fluid placed within the central opening of the ring

/ and transporting the fluid into reactive proximity to the reagents, and an electrical
contact for transmitting the electrochemical signal from the sensor; and the collar
member comprises a wall member having a central opening for receiving a portion of
the meter unit and holding it in position with respect to the electrochemical sensor and

the skin-contacting portion.

40. The sensor assembly of claim 39, 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

1o an electrical contact in a meter unit received within the collar member.




contact ring and the collar nenber, and wherein the collar nenber further
conprising an electrical connector in contact wwth the el ectri cal coni ZQ
portion of the electrochem cal sensor for transmtted an electrlca” ﬁg 4
fromthe electrical contact to an electrlcal contact in a neter unit
received within the collar nenber. EF 2004 -23- 41. A sensor assenbly
for el ectrochem cal detection of an anafyte when associated wth a neter

unit, sai dﬁlaisfeﬁpéryasgé?ﬂmg'féﬂ Oerfocli@r g dcBoRRd of LA il @soghaed | on  and
abase portion, a cutt menber 1n the formof a hollow tube and an

el ect r ocheitls alnesanst, saidlassemihly téreprdieca howtrgfonaed fopsorolia PartiPosed i n
contact with a first surface of .the sor conpri sing
reagents fad ag@ﬁ'é?ﬁ‘ftioé‘naﬁ’?t“&ﬁ m@@éf‘?ﬁ’fﬁ%ﬁﬁ?(ﬁ?héﬁll gﬁaﬁaﬁjﬁgge{sponse to the
presence Oéle rhﬁaﬁ%s@rnwth%‘i Blel Y& tro PR stfdor dGOpd3ed gn eoitlact with

transportlng into réactive proximty to the reagents, and%n
el ectricala ﬁﬁnhmﬁcefocﬁlthdbaaqgmﬁm segd sengordamnrisineisagery fog |8§WdPU‘?Dr 't he

sensor; the cutting, ne sses hr ough th reby formng
a channel $igftroc %%@gg;il?lr g35de eeﬂ{e%ﬂge %‘%@ﬁg ée)éﬁ]“‘éé)slIES gﬁsor di sposed
in cont aCtm%ﬁaQrbfo?gbgdrﬁﬁé angtﬁraﬁﬁﬁ?tn‘ig filidentbasR PO prddmitandtie rezgzotsd opposed
surface of t ase portion th col lar portion cg{grl ses a wal l

menmber havandgareeledrital abnapiefor ﬁgnmtln&tbéﬁlﬁpﬁﬁ@c@ml%ﬂﬁn P BT er unit

and an ele rical conpector in con I trgct of the
sensor fort F&H%W?’Pﬁﬂpﬁ‘ﬁseélﬂér@?gl?@ Pﬁp%om tef%%ﬁf glc(lthﬂaﬁ]géglf contact to

an el ect ri gak, LUHRAGA betveeh @nd@&cﬁfochemlcal sensor disposed in contact with the first
surface of the base portion and a second opposed surface of the base portion, and the
collar portion comprises a wall member having a central opening for receiving a
portion of the meter unit and an electrical connector in contact with the electrical

contact of the sensor for transmitting an electrical signal from the electrical contact to

an electrical contact in the meter.




