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the sanple Summary of the Invention

It is desirable to be able 1o measure the concentration of analytes in humans or other animals without having
25 to draw a blood sample by conventional methods. It is further desirable to be able to do so with an inexpensive
disposable device that is simple enough for home or hospital bedside use.

The invention provides a suitable aitemative to conventional sampling devices and methods that is less
invasive than traditional whole blood sampling techniques and that requires a considerably srqaller sample volume than
is required in the conventional venipuncture or finger puncture sampling methods. Because of the smaller sample

30  volume required, a smaller wound is necessery to obtain the sample. In the conventional fing;r stick method, a drop of
blood is formed on the tip of a finger, then the sensor sampié entrance is wetted with the drop. Because the sample
comes into contact with the skin surface, contamination of the sample by material an the skin surface is possible. The

devices and methods disclosed herein do not require forming a blood drop on the surface”of the skin, and therefore

have less risk of sample contamination.
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the interior surface of the analysis chamber can include at least first and second analysis chamber walls spaced apart
at a second distance to define an analysis chamber height, wherein the height of the analysis thamber is less than the
30 height of the pre-chamber. )
In yet another further embodiment, at least one of the chambers can include a substance capable of
enhancing or diminishing the capillary force exerted by the chamber. The substance can include, for example, 3
polymes, a resin, a powder, a mesh, a fibrous material, a crystalline material, or a porous material. Suitable substances

include polyathylene glycol, polyvinylpyrrolidone, a surfactant, & hydrophilic block copolymer, and polyvinylacetate.
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Description of the Draw ngs
25 FIG. 1 shows a top view {not to scale) of ane embodiment of a sampling gevice illustrating an arrangement of
the penetration probe, pre-chamber, and analysis chamber.
FIG. 2 shows @ cross section {not to scale) along the line A-A" of FIG. 1.
FIG. 3 shows a top view (not to scale} of one embodiment of & sampling device illustrating an arrangement of
the penetration probe, pre-chamber, and analysis chamber wherein the proximal efge of the device forms a recess.
30 FIG. 4 shows a top view {not te scale) of one embodiment of 2 sampling device iliustrating an arrangement
of the penetration probe, pre-chamber, and anatysis chamber.
FIG. 5 shows a cross section {not to scale) along the line B-B" of FIG. 4.
FIGS. 6a and 6b {not to scale) depict an embodiment of the invention wherem the device is loaded in a

releasable actuator 1o facilitate penetration of a dermal layer by the penetration probe. Fig. 6a depicts the device



25 FIG i shows a top view (not to scale) of one enbodi nent of a sanpling
device illustrating an arrangenent of the penetration probe, prez rsgmk
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wi Il discuss the application to glucose monitoring. However, it is to be
under st®Bod™as8d. t he invention is not linited to the noni tor| ng of gl ucose,

and that other fRakith Gfizes HSmiaSCHeSRADRLEMY dehica N0 AboRorath a pedéiratit adtdned.

capable of penetrating 2 patient's dermal layers to extract an interstitial fiuid or whole biood sample, and 2 method for

transferring the sample from the penetration probe 12 to the analysis chamber 20. In one embodiment, the device 12
can be a one-shot disposable device which can be inserted into a meter which communicates with the analysis
25 chamber 20 to perform the analysis of the sample and present and optionally store the resuit.

In the device 10, a penetration probe 12 for penetrating the subject’s dermal layers to collect an interstitial
fluid or whole blocd sampie is integrated with an analysis chamber 20. A property of sampling interstitial fluid is that
it can take from several to tens of seconds to collect sufficient sample to analyze. This is often not desirable for an
analysis chamber 20 wherein the analyte undergoes a reaction as part of the analysis prucess as it tan be difficult to

30 obtain an acrorate start time for the test as well as achieve an even reacting reagent dlstnbunun in the sample. Ina
second aspect of the current invention a method is disclosed for collecting the sample in 3 pre-chamber 14 and, when

full, transferring the sample quickly to an analysis chamber 20.
in this disclosure, unless a different meaning is clear from the context of its usage, “proximal” re‘iefs 10 2

region or structure of the device situated toward or adjacent to the dermal surface 10 be penetrated, and “distal”

4.




The method utilizes an integrated sanpling and anal yzi ng device 10

i ncorporating a penetration probe 12 capable of penetrating a pat il &riEP 004
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anal ysi s chanber 20. In one enbodi nent, the device 12 can be a one-shot

di sposabl e devi ce which can be |nserted into a nmeter which conmuni cat es
with the anawp9ig222@5 chanmber 20 to performthe anal ysis offTHEIRRS e and
present and optionally store the result. In the device 10, a penetration
probe 12 for penetrating the subject's dernmal layers to collect an
interstiti alefersfalrigiofbr Qructmlwdeh&e@@deﬁaﬁmlm obpitd (h-roineal endl ofietyica for awapdbey si
chanmber 20. A propert interstitial fluid is that it can take
from sever aI“‘BP"B“‘P@P\%“’%fZ "s“é@‘b‘}q@g'a'f'@"fd’ﬁfjﬁ“éct sufficient sanple to anal yze.
This is Ofte&P&&hmdeﬁmrable for an analy5|s chamber 20 wherein the analyte
undergoes a reac as ana S ;

T oul T to 30 DA ARaps At ey ey BuPpBER R S nfe e up et

achi eve an ee@tani @bl éf nensmEgemple diaptectahhat [donaniyyis thembesinpesenetiagen gobs 3=cond
aspect of the curre ntL [ t he
sanpl e in a ‘PPEIHY ?qfﬁ 9B ﬁﬂgﬁ&mﬁgwqédﬂ#ﬁﬁéﬁﬁﬁgrﬁﬁ&%ﬁﬂl%ﬁﬁ%?2QEU|ckly
to an anal ystrmsthxﬂhraﬂhw mOmmrMmtamntemlg ofdhwemwm@ba 1@1’?“@593" wichs frree@FiEiheani ng
s clear from iRenERbid 1 wlddsiaaliz. Proximl ' refers toa region or

structure of t I ce situat owar or adjacent to the dermal surface
to be penetr at edfneartobre puiirusiony 12 with4t Igest et %G@“'MGGH‘FWQ%“WP{E@ 109673

refers ayr eg’tw)oﬂanep%ans h&'% U5 6 @Ficated ot RMtir0E m&idlﬁd*'ﬂ&ﬁdmétﬂwsdﬁetahﬁ a0foposite t €
(non- proxi ma ed

evi ce. For exanp enetratio rahe 12 is
at the proximggie ehd wmﬁhé CRR aeqemeta'rrfé'dﬁ‘éﬁ’éf"ﬁ%a'a?rf“\l‘ﬁ‘ﬂ °5r}a§‘&‘ qﬂ@f O‘t')’h on
probe 12 caRehfiid pibe A€k S x&amhlaeaw&mmmemmalm@ettahﬁe pathamelt ﬂwmi we|

| ayers to the desired 5 extent an geto @
pre- chanber °Atgnaly e apsn-alogasgresor E%ﬂﬁé?m%?&%h s ﬂ’%‘?{é‘fdrmaﬁé ptf)'!re(l;)lg1 ﬁ co rrp ri ses
two ends, aSenbttatidd protie 22 i Gvo ket 30 @k maderial bimed spﬁnettareatshamg pmred pratisienf12 pripech sheet

enetratjon pro |stheed|n rted 0y,

Eom‘runl c!;t B"é‘ﬂﬂ‘"ﬂ%’ ?ml"ﬁg"'b' ﬁgeftf slpatf?ldaaftos e Té‘mﬁ &%Ewg#gﬁﬁ{m@gul n
comuni cat i dpcapisytahtiore it shyeniculbrip refprredembiimertp dire tvinshests 39 ﬂ@atafﬁbﬁ"%ﬂ%a"'i:%‘éﬁﬂw 20.
One or nore I{)ﬁna s:snl?am?er 21610 Fmag%&g&gr Eﬁ:ﬁﬁv&pleqm@m&har p edge or point are

sui tabl e as enetration_probe 12 %gn be
fabricated f rom Wmtlenarsalliabﬂudm: bagolédn the panergtion éem"n"é'l By contggfied by, fimiting tbe jgngeh 1

conposi te ¢ o 6 iiFy devtel 1078 teslthap O thibkdsas) ,  OF
m xt ures an n%?ﬁ%t‘gg%gd%?“mqﬁgggﬁrlrgﬁgﬁqa | s. ﬁ!?}lﬁg

netr robe 12 can
be in thd f csher#rmﬂ layer. s\ e ipedlerfs ebpdimemtGife length gltbeprusion 17 Qﬁ@’el"“a'? ?LPoemT)I"‘ |

channel . TheLAanR&t 1.5 AR Amgmaah o s&}ﬁhi@d@ﬁmcnaés@ﬁt@mmlm Dheprarbsion 125
el ongat ed S|des As illustra

ed in fe t he
penet r at i on “faEetween thegsurfaghoot g Jgrmal "’3’6 a'iﬁ‘f fh'hﬂf’@? F‘gff #‘Bo?"ﬁg(ﬂygec"f “aggg ¥ fl&1ave a
sharply poi ntn@eidal ®dr b v sul-rzasqnsaﬁmhmﬁdﬁammammmns mammbsﬂcamahlbvﬂ or for

lr)gtg :Az'[e;]at Ihgrlglﬁl\é\%{ Lges%gc%n l?er}iew?a %fo:rggne lsl%%c? t(ae r%.{lﬂtﬂ 1? H:Cue greabe%harl i {H:H' g::n?dﬁaﬁlv lﬂa@ drawn

25  invention contemplates protrusions 12 of any length, wherein the length is sufficient to sample interstitial fluid. When

whole blocd is sampied, a shightly longer penetration probe 12 should be used, i.e., one having & length greater than 2
to 3 mm.
The diameter or width of the penetration probe 12 depends upon the design of the penetration probe 2.
Suitable diameters or widths are those which provide sufficient sample flow. in the case ui a protrusion 12 forming 2
30 sharp edge or point, o a tube of channel, the minimum diameter or width is typically greater than about 10um. When
the penetrating means 12 comprises two sheets 30 in substantial registration, each having & sharply pointed
protrusion 12, the two protrusions 12 are typically spaced from 1 mm to 10 pm apart. .
The penetration probe 12 can be located on any suitable part of the test strip 10, i.e., an edge 34, a corner
42, or one of the fiat surfaces 44. Protection can be provided to the penetration probe 12 by locating it within a

35  recess formed in the distal edge 34 of the test strip 10, as shewn in FIG. 3, or in a depression on the surface 44 of the
-5
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25  applying increased pressure to the area surrounding the direct sampling arga. Some of the factors that can affect
interstitial fluid or whole blood sample acquisition include the patient's ape, skin thickness, temperatwre, and
hydration. The amount of interstitial or whole blood sample coliected for testing can preferably be about 0.0Zul or
greater, more preferably 0.1}l or greater, and most preferably sbout 0.5l or greater.

In one preferred embodiment, the device 10 can be inserted int a meter prior to §'ample acquisition. in such

30 an embodiment, the meter serves multiple functions, including supporting the device 10, providing an automated means

of initiating sample acquisition, and indicating when sample acquisition is complete.

Transfer of Sample from Penetration probe to Analysis Chamber

in a preferred embodiment of the sampling device 10, the device comprises wo parts the penetrannn probe
12 and an analysis chamber 20. In another preferred embodiment, iilustrated in FIGS. 1 and 2, the device 10



separate part which is attached to or incorporated into the lest strip 10
by any suitable neans, e.g., adhesive, thernmal 10 bondi ng, interl ockj
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chamber 14 at a first end, and at the second end the pre-chamber 14 opens to the analysis chamber 20. The pre-
chamber 18 can be free of reagents or other substances, or can optionally contain one or more substances to enhance

or diminish the capiflary torce exerted by the walls of the pre-chamber 14 or to pre-treat the sample prior to analysis.

These substances can inchude, for example, polymers, resins, powders, meshes, fibrous materials, crystalline materials,

30 porous materials, or 2 mixture or combination thereof. To tacilitate gftective filling of the analysis chamber 20, a
preferred embodiment utilizes a pre-chamber 14 and analysis chamber 20 of different heights, as shown in FIG. 2.

Where the analysis chamber 20 is formed so that its height {typically referring to the smallest chamber dimension} is

. smaller than the height of the pre-chamber 14, a capillary force is generated that is capabie of drawing fhid out of the
pre-chamber 14 and into the analysis chamber 20, A first air vent 64 can be formed at the end 70 of the analysis

35  chamber 20 opposite the opening 62 to the prechamber 14, facifitating the filling of the anatysis chamber 20 by
.7
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{incorporated herein by reference in its entirety), as ilstrated in FIGS. 3 and 4. .
In use, the bladder 22 in the strip 30 is compressed by suitable means prior to the penetration probe 12

30  being inserted into the patient. Insertion of the penetration probe 12 can be confirmed by use of 2 sensor, such as a

the penetration probe 12 is inserted either visually or by touch. In the
by pushing a button. At this point, the means
¢ into thé pre-chamber 14." When the

pressure sensor, of the patient can confirm that
latter case, the patient sensing can signal the meter, such a3

compressing the bladder 22 is withdrawn to 2 halfway position to draw sampl

pre-chamber 14 is full, as indicated by 3 suitable sensor, the meter indicates to the patient to withdraw the

35  penetration probe 12. The compressing means then moves to its
8-

fully withdrawn position and 50 draws the sample
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more roller %l%Sﬁ'EUf ?o; & mmﬁé’ne %088%?1%5 hfnag Y| 'in%%§me? QB@@L Bon@ftrafioh B3R O WS Y

cl osing off Irs re-chanber 14, and co re55|n t he
pt a- chanber samplel Toeplettroghpreice! agalyes cpll 20 F“c!'“‘lsﬁp hapa0 etipcive olymeah &P orfegs.

towvards ,ghe géﬂgﬁrﬂeﬁ%m@ r}ga(sﬁtggAPIimﬁenﬁorp G o P tRARERGne, :Llﬂ] a cﬂuﬁte@ﬂﬂen&lébﬁﬁﬁldﬁfhi dther into

t he ranal ysi ternatively, the anaw}éy ) ch;{ra? 20 consj sts of
a tube, or etehésr prsfemsd embodimestndp aplysis gk 28 hpvingagiefiacive yiiyme o about B 020 of gugte ip sl
penet r at | o i aligaw e e RPLuRRMR (i il 5 SERRAEIENL, Lhe anal ysi s
chanber 20, prior to penetration, is conpressed é’\’?if‘?‘ﬂ”t nor e roIIers

p

pi stons, or othen orsqwezhtrvr@nmm:ée P"'WP%FW"F héels 'F‘EPFF Pl agysis

i nserted t by mﬁﬁa P FrogiPa waff br R SiRick: Mﬂuwtﬁatv&wumm:ehmuhmmsarrpl e
into the anaIyS|s chanber 5

In such 20 an enbo'g’Pg@ th {gf m%ea[ 14
can not Be meRaEsinRmbp20.Jyspy adevics 10 kyurg this Aranaemegidp, oojain o (Thaf"'g BT TEWDI e
acqui si tionud, memhzmﬁdthﬂﬁﬂ&ns&rhﬂiaebwem&@ desminta ok mﬂqtima@andament

64.74 i f such uId interfere " a I ment,
i | | ust rat ed 5" F@l"' é’ﬂﬂﬂ“fﬂmd gw&%%ﬂ%t?eaT ) %émlﬂzé%b%nﬂtl ze |'s é’gr med
whi ch opens the kaplé i enalpred &b lipa'ﬂnu 6%in e shmﬂﬁmﬂonmde &0ote fiein teopoiptvdee e | ysi s
chanber 29 on,t e Ot he ::Eang sasIt‘aﬁt!ﬁ%% ZIQhBQIfaZfLL}%lspIa%eﬁa@&%%ﬁlyﬁsmr 20

opposite to gt pre-cha ens to a conpressible
bl adder 2B2. fiftwéth kﬂrdddmlvsﬁﬂemnf mmasminéf@ﬁaqﬂw@waraw@*w%&h@ﬂwm he and

70 of the a%lw%ﬁam%e&}gm b2 Ve Rnd i im¥e of datpieGbRallp Svaifalih WHR hrersiRi fili M
oving a section on the mcfgﬁpmrﬁr% ng%g 82 inuthe test strip 10, simlar to
t hose descr s4eds-i n WW97100441 {incorporated herein by reference inits

entiretyl, as il {ygslah@ichilne Po &h Eorein gm@mw‘kuhsthrlaesu@@:haniehemrhhlﬁdﬂ&ﬁptﬂﬁifurcn t he

strip 10 is conpressed by suitable nmeans pri ?(‘)iﬁ' ﬁenetratlon robe 12
30 being i n&erad Bthg witse! dnpfes’s pamieriy Such mateglscrng %P“‘f’ﬁ'éf’% ey T OV obe 12
can be cgnf mame cwamms @ra&@ﬂﬁﬁfs,mﬁm&na&mﬁnmpumusensier’osmdmmw& he

pat i ent can %%‘nf Iﬂ{g@ﬁ% . %nhgan%gnlget ?stzlllointhep ana?ysrs ch;' erllﬁ :m:l? %&Fﬂtb%'h}dﬁ:ﬁfﬁc

visual ly or %
material 1o encourege the flow of fiuid sample into the analysis chamber. Suitable hydrophilic materials include

polyethylene glycol, polyvinylpyrrofidone, a surfactant, a hydrophilic block copolymer, and polyacrylic acid. The

analysis chamber 20 can also contain reagents capabie of reacting with the enalyte or other substances present in the

30 sample. Such other substances can include substantes which interfere in determining the presence or absence of the
analyte. In such cases, the reagent will react with the substance so that it no longer interferes with the analysis.

Any analyte present in a fiuid sample in a detectable amount can be analyzed using the device 10. A typical

analytes can include, but is not fimited to, an ion, an etement, a supar, an alcohel, a humu;ne, a protein, an enzyme, @

cotactor, a nuceic acid sequence, a lipid, and a drug. In @ preferred embodiment, glucose is the analyte 10 be tested.

9.



| atter case, the patient sensing can signal the neter, such as by pushing a
button. At this point, the neans conpressing the bladder 2Z is vmwgéﬁ%h
to a halfway position to draw sanple into tht pre-chanber 14. Wen k
pre-chanber 14 is full, as indicated by a suitable.sensor, the neter
indicates to the patient“to withdraw the 35 penetration probe 12. The
conpressing neans then noves to its NO wi thdrawn position and so draws the
sanpl e . 8. WO4USE® 2004 WO 01/ 72220 PCT/ US03/ 09673 from FRYUSIE*MRanber
14 into the analysis chanber 20. In the case where the initial suction from
the bl adder 22 causes the sanple to be accunmul ated with sufficient speed,
the pre- chaghes e @i iGreHnSRARTAE] 10/ eihbholrddssiuh n, phaarataiaicals, dBEs, sl 8 dr aw
sanpl e through the penetration probe 12 directly into the anal ysis chanber
20. A vent B#2te74 which would interfere with fonung a vacuum need not be

i ncor por at ed i Nt ghetphGnd QN ibkete ioNthé MBRe evibe ditenminad Grectls  Alamityelyi the @plgtAERRIE | N a

preferred enbodi nent, the anal ysis chanber 20 i : B anat yzi ng
devi ce 10 c@igried pyigpeurs "‘ﬂl’"é'ﬁ'(')‘ﬁ‘ﬁ‘t?l‘eep' Wawes“{s esse'firmlstr[')ecag*}m i ar to P'ﬁdg? di scl osed
i n W0971@04 ddction] fiieaive af thisSiveSence lor dbgenco §f thABE:F 0GRl ther prdptestes SSuigable RHPIRYEF f or
determ ning the concentration of an anal ' : ikt §h acid S-beke, a (raditate,
concentrati Wdﬁmdﬂeﬂ%@?ﬁ'ﬁ cojor T‘I‘cﬂ?'dm sarcrp%.t'la%%"e eé‘%kr ochemi cal  anal ysi s
cell 20 in tbhigss. strip has an effective volune of 1.5i or |less, and can

conprise a 10 porous qgrggrti%pgﬂhu@cawﬁr&qg dﬁ&,ﬁﬁ&r‘ﬁdﬁﬁm 000 8ncd bidRe Rdlytel o @
PRSP

menbrane, and a &BdH erencé el ectrode on the other  si Se._ I'n
preferred erdadioh peuet of the Braiatr aJuijable anaiysicd ietipds ingudg. bitgre et igtes 1o I"ﬁﬁ" of
about 0.020 o t el - phot¥iisSonP Flgthdds, in QheC Mdaburerdt fELSnagretiv Ol UNE
rangi ng IQro °£1°5%{T$€'b.%fdlmﬁto a 'Qf'Jhtu 9.54_%%&%5@ aspect of this enbadi pent,

t he penet r atsiscptibity.o lhelcasejoka gactigngioduct hasiog p differest E’{?ng“e’kf W’o‘"tﬂﬁg"'ﬁ% V&is
strip 10 by J@.ﬁ’ﬂ;&g (i RRES il delelbirmion Bin S MHabie nod forcietarisihyteipeseath arivence @G s uCh
that one end o t%e needl e 12 opens into the 15 strip analysis chanber 20.
In using a @#yitce 10 having this arrangement to obtain and anal yze a sanple

of intersti tnis@dsfglahgnmea&%nfﬁﬁm e 12 is inserted into the patient's dermnal

| ayer and sanple Is draw into the needle 12 vj i ofiment 6t theQBmping N €

sanpl e i%® then tPaFeear EPIPeh At f"ﬁ'@"ﬁ%'%%ﬁdéﬁu%? %hﬁfg the %ﬁal ySi s chanber 20

by capi | | ar yevae i iimegie witianesuring dadce,23n3vhater, whicheearedispiavestpre oo fretdith gPOEAY | n t he

anal ysi s chanber 20, 10, at mpspher Soihet RS AT el S iPitiHace W Sdraurichtig with e ed | e

12 opens i nf"&%%’"?ﬁmméc%]%" as |t'vet%t'&@2 to all ow t he escape. Of

di spl aced aithe n@®r, t.i{pecomimriveyeis Srom tha eistredes)ed the @lectrporgical e 7. I AbR AR © &H?ﬂ"&/'@i s

devi ces Of { oG lu nfls3 lofl St ity MARAEAR S bhagir € cipdh oo clogicabaa 00 f o1 Uise
nt because o

with this arrangene their ability to utilize. the. ver mal |
vol umes Bf sanp| Ehetayawt dessintion disgasys seypsdl @etlies 370 'i"‘ﬂ?'éf o the Pyt "?Wdﬁ“s'arrp an.
The anal ysi 08 FrodRiBbriGra i ReCibingbl rd i/ asIViRl 6 aiorimiBAsnideciabritagonavethats e or

dimnish the capillary force exerted by t wal | s ,of anal g@mgr 20.
Such materi aW@ﬁﬁuﬁﬂéwaWFW‘éﬁ?ﬂgﬁ%%W&f@a%"e@ﬁé@%a]"‘lgbr ous .25

mat grials, Gf ysti@lof indivestiad dtlksad torein. PRAsEGuSYYR iseubti icénged thay thininvedtinn by figstedfo the

conmbi nation thereof, as can also be used |n the rlﬁ 1%@% ithfl ths Goe3RsRd
above. For éWFW@“MF@%ﬂ“@f"?Weﬂ%% yasnlsguqc anber Z%wncan be c@at ed
Wi th a hysdr QpishilitioEthe invention zs embodied in the attached clgims.
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material to encourage the flow of fluid sanple into the anal ysis chanber.
Suitabl e hydrophilic materials include polyethylene glycol, 74 2004
pal yvi nyl pyrrol i done , a surfactant, a hydrophilic block copotynerf gﬁd
pol yacrylic acid. The analysis chanber 20 can al so contain reagents
capable of reacting with the anal yze or other substances present in the 30
sanpl e. Such ot her substances can include substances which interfere in
det er m ni &he quafnpe or absence of the analyte. In such cases, the
reagent w red '*h the substance so that it no | onger interferes with
t he anal ysis. Any analyze present in a fluid sanple in a detectabl e anount
can be anal yzed using the device 10. At al = anal yzes, can_ i ncl ude, but

! A pi cal
is not |inrhtedA Buidsampbing dgvice FRApRIING aﬁgdbgéw,b%camawag,a &Yy none, a

) Esmpling QGYIoBFAABRAE 054 il CETEOROE S dedk mone,
rug. 1 st R RaeTprebS ARk e polbliieEh affh CoRERHERAR, oy sbUE, 57 §
4 SEP 2004n N0 HHaFRER BaPIRE ISR BET italloi, Glanalyeib yhaaberdabigiancl ude, but

are not limted to, ethanol, potassium.ion, pharnaceuticals, drugs,
chol est er otolumas the sampling devivp Surthes semprsing 2 aissdimbephavinga xplimeAdddan pe

determ ne irect|ly., A.te i , ) by
reacting S-H% agﬁgﬁ)‘%g e\ﬂfl’t ﬁﬁ%ﬁﬁl tﬁ?b%ﬁh@ﬂ?gﬁfé?}%@%ﬁ%‘%ﬁgeﬂﬁ% ? %'Eagug‘ﬁg? ysi s
chanber. Pﬁ@d%ﬂdﬂ@&n@j‘rsig diainbebsuchakdtitifirst el ofahé pre-chanbbeispdpsence or
absence of the analyte, would then be detected. Suitable reaction products

i ncl ude, the camaunisating enidiafdhe penetration probe prfl thgserond £pd ef therec current, an

electric potenti.al .. Cl .pJ . sui tabl e
anal yti calc?l Hod @gﬁ@%@e&?gg@qa@?ﬁcgg{@g %ﬁ%ﬁg lﬁaﬁrﬁeb%lﬁr\glgéérﬁgﬁfolgﬁg éﬁce of
the anal yaRe fre-chambepis igréferihatite volind dfeheanlysiksachafiber, ahd evhereid thei cal

met hods i nclude, but are not limted to, electrochem cal nethods,

.. 10
phot aabs ormgnéteationpeehedis in fluideormaunication with-the analysis chamber sweh thatfdis, and
th t ticC,. i.bi ki f ti
b oduct nadn Ao PREPHrEuGY RSP v pioamalyfls bhEm6E°P, 01 B 280000

precipitate or a gas, a visual determ nation can be a suitable nethod for
determ ning the presence or absence of the analyte. D Storage of

Measur enerd  DatBhexsvice of claimrle whetsincthe gnalisis ehamber hasatyeastong flexiblg

descri bed ahpv nQL her i j F i [

i nt egr at ed"aﬁ'ﬁ‘gﬂ%@ﬁl@ﬁﬁﬁ& ee@ﬁé%??@e%@@ﬁ&%?ﬁﬁéx F(‘:’%ﬁ \c{gér;\@%#lgl&oz% store
or record theadalyhis chandRt isqedidey. i n conputer-readable format. In such an
enbodi nett, the test strip 10 conprises an interface for cwemunicatirrg
with the neter, e.g., conductive |leads fromthe el ectrodes of the

el ectrocheym calcel l t,h el : 1.gal
measur enment’, th'ltqaheldr?'?"ec% gg?%&ﬁ%%&ca@égpgéwegg%@%}e%{@ﬁéﬁ?gﬁgﬂt he

el ect r ochegideerdiilupor2 ddmpréssidief thb ohamiste atthe flekibie wall cheosdume efthe al

met hods and materials of the present invention. This invention is
suscept i bipsechambesiis feddeddons in the nethods and materials, as well as
alterations in the fabrication nethods and equipnent. Such nodifications
wi |l becone apparent to those skilled in the art froma consideration of
t hi s di sclfsur eThe device of claim 1, wherein the pre-chamber comprises a valve at the first

end capable of substantially sealing the pre-chamber from the penetration probe.

5. The device of claim 1, wherein the pre-chamber is capable of exerting a first
capillary force and the analysis chamber is capable of exerting a second capillary
force and wherein a differential exists between the first and the second capillary

forces.

6. The device of claim 5, wherein the capillary force exerted by the analysis
chamber is greater than the capillary force exerted by the pre-chamber.
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or practice of the invention disclosed herein. Consequently, it is not

i ntended that this invention be limted to the specific enbodi merft4sSEP 2004
di scl osed herein, but that it cover all nodifications and alternatives
coming within the true scope 25 and spirit of the invention as enbodied in
the attached clains. -10 2 4 SEP 2004 What is clained is: 1. Afluid
sanpling device conprising a body, the body conprising a dermal | ayer
penetration probe having a penetrating end and a conmuni cati ng end, and an
anal ysi s chanber having a proximal and distal end, the anal ysis chanber

having a 7ol unmhe debRRe 98 BRI BgwHeiC ihteHoh Surfae BP tHePréghaniere- chanber
having a volune and a first and second end, wherein the pre-chanber is

R (
i nt er pos edonprisrsaat leasefirsbanst yegencopre-obpwber wails spaeedapart pha Srst distase? such

that the first end of the pre-ch | | L cating end of
the penet rtﬁfiF%?\e ?JPTSBCA‘“H}I‘]?&I ]?%%%&%rgﬁ%ngﬁeﬁﬁi&%ﬁ%% Hﬁ%gﬁﬂlewg% s adj acent

t he proxi rgakmBéitopiprisBatdoat fifst and SRoAE fnalydirdhainbet Welly/spavedapatt atihe
pre-chanber is greater than the volune of the analysis chanber, and wherein

the penetseeandglistpnostie defing an analysis chamberheighti whergintthe heightafahs/ si s chanber

such that fluid . c f.low from § trafi o, he anal ysi s
chanber. f“at}j‘ﬂé c%@?%'és geﬁs ﬁﬂagl@fﬁ %?g}&ﬁgﬁgipﬁé'f:ﬁ%mgér’l{’a%?s‘%@é@hghr%er has at

| east one differshidd] Qapiliatyl forselerley # iléhstiRGartTRuTn b diffdramtedetwden thiypreber at t he
flexible wall the volunme of the analysis chanber is reduced. 3. The device

of cl ai m ¥hamherhsight and theranabysigwhamberdight. | east one flexible wall and
wher ei n upon conpression of the chanber at the flexible wall the vol une of
the pre-chanber is reduced. 4. The device of claim1l, wherein the

pre-chanbey, Conpiel deficedf ERIMS, dhelelitatliédsténe &hible ﬁt&ﬂﬂlﬁhﬁcﬂ.ﬁndﬁmﬁ%ﬁnt ially
sealing the pre-chanber fromthe penetration probe, 5. The device of claim
1, wher ei rehambernompsisesid sybstance eapablef enhanemeiar dgminishing:a capillasy forsé.y  or ce
and the anal ysis chanmber is capable of exerting a second capillary force
and wherein a differential exists between the first and the second

capi | | ary 9.f or CHfe defice biela#i\8, Gherin the substdnce voweleeted frdir theegroup ary force
exerted by the analysis chanber is greater than the capillary force

exerted byconsisting efapalymes a rasin, 2 pp axogsh, a fibrous matenal, a crystalline
material, a porous material, or a combination thereof.

10. The device of claim 8, wherein the substance is selected from the group
consisting of polyethylene glycol, polyvinylpyrrolidone, a surfactant, a hydrophilic
block copolymer, and polyvinylacetate.

11.  The device of claim 1, wherein the pre-chamber comprises a first pre-chamber
wall and a second pre-chamber wall and wherein the analysis chamber comprises a
first analysis chamber wall and a second analysis chamber wall, and wherein the
distance between the pre-chamber walls is greater than the distance between the

analysis chamber walls.

12.  The device of claim 1, further comprising a compressible bladder in
communication with the analysis chamber, the compressible bladder being capable of

applying a positive or a negative pressure to the analysis chamber.

13.  The device of claim 12, wherein the compressible bladder opens into the distal

12



7. The device of claim6, wherein an interior surface of the pre-chanber
conprises at least first and second pre-chanber walls spaced apargti SEp 204
first distance to define a pre-chanber height, and wherein an interior
surface of the analysis chanber conprises at |least first and second

anal ysi s chanber walls spaced apart at a second distance to define an

anal ysi s chanber height, wherein the height of the analysis chanber is

| ess than i f re-chanber, and wherein the differentia
capiIIarye%gﬁggﬁﬁggbygghépgwgast in part froma difference between the pre-
chanber hei ght and the anal ysis chanber height. 8. The device of claimb5,
wherein at | east one of the pre-chanber and ,anal ysi.s  .chanper conprises a

subst ance ldapabite dsviceof slatmdgwhereH the RERGWaHEN Rrabs bt $elect & 9. The
devi ce of i bt i el ﬁ)ﬂﬁl gr oup

consi sti ngg(f J&@ %Bngrgf]%gf;?h%bdtrl%gilﬁ#&gtag%%g%ﬁmglgiﬁeggi?ggﬁ r oggn'mat erial, a
crystalline material, a porous material, or a conbination thereof. 10. The
device of claim@8, wherein the substance is selected fromthe group

consi sti nddef poieydericgiodslaing ly whereimyibe ponatiatiog prabeicappeses Watefiakt ant, a
hydr ophi |'i : ' sl T eybge of claim
1, wherei ns%l[e @%&?%ﬁ%ér ggﬁpﬁﬁggg%r%ﬁwésrt prlg%igﬁréé%set}c’?‘v%\}é 1%%%& a second
pr e- chanmbeskransit| a combosite heatetial,hvixamred theiesf, ahdiobrabinationsrtharesf. a  fi r st

anal ysi s chanber wall and a second anal ysis chanber wall, and wherein the
di stance between the pre-chanber walls is greater than the distance between
the analysis | 1 i . i . rising
a corrpressll o ecfg%arﬁég{ecre I ﬁiaﬁg&hﬁ%&ﬁ%g!gﬂh?g)ﬁﬁ%eapﬁﬁp g%e‘fna %‘Iislsﬂvtg@%ggﬁpt he
conpr essi th&etidldn getistdmtian@gizapidn, havihg appgiugiongpneeaph shdet, wehenein thenegat i ve
pressure to the analysis chanmber. 13. The device of claim %2, wﬂerei n the
conpr essi #heetpargdnaced Apar sush-that hqud ganshedrawn botweenthe sheeis by sapiBary: he

anal ysi s cagﬁgﬁ)er. 14. The device of claim1l, wherein the penetration probe
is selecte ffomthe group consisting of a needle, a |lancet, a tube, a
channel, and a solid protrusion. 15. The device of claim1l, wherein the
penetration probe conprises a materjal select e(} fromthe group consisting

of carbon ¥4 berTheslsvies ofPl?érF,16pWH§rtei"_ct,l’e FER sheets it gaaterial gxtendinto the ¢ omposite
material, Juxt4h GS td AEhE re-cRRbG WRBR ORI HaRber and in fluid

communication therewith.

18.  The device of claim 1, wherein the device has a proximal edge, the edge

comprising a recess, wherein the penetration probe is positioned within the recess.

19.  The device of claim 18, wherein the recess is configured to substantially align
with a shape of a selected dermal surface.

20.  The device of claim 1, further comprising a releasable actuator, wherein the
actuator is capable of supplying a force sufficient to cause the penetration probe to

penetrate a dermal layer.

21.  The device of claim 20, wherein the actuator is external to the body, and

wherein upon release the actuator propels the body toward the dermal layer.

22.  The device of claim 20, wherein the actuator is integral with the body.
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16. The device of claim1l, wherein the penetration probe conprises two
sheets of material in substantial registration, having a protrusixnsgmaiil
each sheet, wherein the sheets are spaced apart such that liquid can be
drawn between the sheets by capillary action. 17. The device of claim 16,
wherein the two sheets of material extend into the device so as to forma
pr e- chanber adjacent the anal ysis chanber and in fluid conmunication
therewith. 18. The device of claim1, wherein the device has a proximal
edge, the edge conprising a recess, wherein the penetration probe is

posi ti oneg3w t hiRe §difce STchiim 221 Sherbituptineleasethe aétaatet pdpelsiites ei n the
recess is configured to substantially align wth a shape of a selected
der mal sumpkpetmtiof@robeitewarshthe demfal ddyaf.m 1, further conprising a rel easabl e
actuator, wherein the actuator is capable of supplying a force sufficient
to cause the penetration probe to penetrate a dermal layer. 21. The device

of claimaQ, Wigeaiehick BEcRfth Y2iAtreinSthe %L ydiddhahibet bSmprag¥ anand  wherein

upon rel ease the actuator propels the body toward the dermal |ayer. 22. The
devi ce of ebdctrochedticalwiallytbe ncll bemprising2 prorking eleeteegdeandwicopniereefererse. 13 2 4
SEP 2004 235 The device of claim 22, wherein upon rel ease the actuator
propel s t FECUBESiet rati on probe toward the dernal |ayer. 24. The device of
claim1l1, wherein the anal ysis chanber conprises an el ectrochem cal cell,
the cell conprising a working el ectrode and a counter/reference electrode.
25. The dé¥i ce T devinewf ¢laim i fumdwer comprising anjintanface fos cpmeruniepation with

communi cation with a neter. 26. The device of claim25, wherein the

i nterface %8 nicates a voltage or a current. 27. A nethod for determning
a presence or an absence of an analyte in a fluid sanple conprising the
steps of: providing a fluid sanpling device conprising a dermal |ayer

penet r at i &6. pr Gthe dewiveiofi glaim Bénwheram the inseréace gemm B VOHeEhef nd, and an
anal ysi s chanber having a proxinmal and distal end, the anal ysis chanber
having a V3G@e, the fluid sanpling

27. A method for determining a presence or an absence of an analyte in a fluid
sample comprising the steps of:

providing a fluid sampling device comprising a dermal layer penetration probe
having a penetrating end and a communicating end, and an analysis chamber having a
proximal and distal end, the analysis chamber having a volume, the fluid sampling
device further comprising a pre-chamber having a volume and a first and second end,
wherein the pre-chamber is interposed between the penetration probe and the analysis
chamber such that the first end of the pre-chamber is adjacent the communicating end
of the penetration probe and the second end of the pre-chamber is adjacent the
proximal end of the analysis chamber, wherein the volume of the pre-chamber is
greater than the volume of the analysis chamber, and wherein the penetration probe is
in fluid communication with the analysis chamber such that fluid can flow from the
penetration probe toward the analysis chamber;

penetrating a dermal layer with the penetration probe;

substantially filling the analysis chamber with a fluid sample by allowing the
sample to flow from the penetration probe toward the analysis chamber; and

detecting a presence or an absence of the analyte within the analysis chamber.
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device further conprising a pre-chanber having a volune and a first and
second end, wherein the pre-chanber is interposed between the Fm' on
probe and the anal ysis chanber such that the first end of the pre-cthanber
i s adj acent the conmunicating end of the penetration probe and the second
end of the pre-chanber is adjacent the proximl end of the analysis
chanber, wherein the volune of the pre-chanber is greater than the vol une

of the analgysi smchambe nd er.el e_.n radl i in fluid
comuni cataﬁJSOn meﬁ“%‘ﬁg‘ﬁ 8%‘3‘?5}%?2 ‘Xﬁ%‘%ﬁé&e ¥ ]eeisﬁgﬁ&tgﬁtﬁ%éﬂp @grér (?lfpow fromthe
penetrat i qiansik@ipoftiniemstitial Neidand widlebleb@nber ; penetrating a dermal |ayer

with the penetration probe; substantially filling the analysis chanber with
a fluid sanple by allowing the sanple to flow fromthe penetration probe

toward th nalysi s _ch [; eCli R sence of the
anal yte wiTthin em%%ﬁS‘?gg?‘%‘ %?g,%%ﬂﬁfdls}&gﬂgg @EB%@'S‘E‘%%"% e tet hod of
claim27, cuifréssiblé biaddetiptémintnizati@CiviH the Malysisehambet) theQffpréskibley of
interstitial fluid and whole blood. 29. The nethod of claim28, the fluid
sanpl i ng ddaddsebeing eanablecefimpplyingmpesitiventgmesalive presspeeda dhe anal¥sisnmuni cat i on
wi th the apal ysis chanber, the conpressible bladder being capabl e of

appl yi ng aChﬂg'é ive or a negative pressure to the analysis chanber. 30.
The nethod of claim 29, further conprising the steps of, applying a
conpressing force to the conpressible bladder, to reduce the volune of the

conpr essi bile bl Bitaethod aficlaisn 3d.furtheremprisingtbegepiPti orce, to form a
tial Nt i bl ; i . 31. Th
et hod of ol ai APAN NG EREPESORE Rt 1o thepteaVle BABMKCFrcfidRRE" | 21 TN

appl yi ng s‘t@gnaaﬂthﬁ;@bh@y@ﬁblbybmmr;ragueasi ng step. 32. The method of claim

27, wherein the detecting step conprises a qualitative or quantitative
measur enent of rsleasing thercompsessingderoerie fommp partiabacuymdn tha epsapressitle i m 32

wherein t i $t] f the sanple conprises a reaction product of
t he anal yp)j?&gﬁ%#iﬁ%éa.‘%g% claim 33, wherein the reaction product is
selected fromthe group consisting of a color indicator, an electric

current, an electric potentjal, an acid, i .
31.  The method of claim 30, wherein the penetrating step is preceded by the

Comi(D

applying step and followed by the releasing step.

32.  The method of claim 27, wherein the detecting step comprises a qualitative or

quantitative measurement of a characteristic of the sample.

33. The method of claim 32 wherein the characteristic of the sample comprises a

reaction product of the analyte.

34.  The method of claim 33, wherein the reaction product is selected from the
group consisting of a color indicator, an electric current, an electric potential, an acid,

a base, a precipitate, and a gas.

35. The method of claim 27, wherein the analyte is selected from the group
consisting of an ion, an element, a sugar, an alcohol, a hormone, a protein, an enzyme,

a cofactor, a nucleic acid sequence, a lipid, a pharmaceutical, and a drug.

36. The method of claim 27, wherein the analyte is selected from the group
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a base, a precipitate, and a gas. 35. The nethod of claim 27, wherein the
analyte is selected fromthe group consisting of an ion, an elenent, a
sugar, an al cohol, a hornobne, a protein, an enzyne, a cofactor, a?hGgePqil
acid sequence, a lipid, a pharmaceutical, and a drug. 36. The method of
claim 27, wherein the analyte is selected fromthe group 15 2 4 SEP 2004
consi sting of potassiumion, ethanol, cholesterol, and |actate. 37. The

nmet hod of ‘%bgéﬁﬂﬁf{ﬂ#,%%@@éaﬁmﬁ%l"%%%%ﬁ?ﬁﬁ’?'!ﬂ@a&%{ard t he anal ysis chanber

is driven erei n I'ng force conprises a force
selected fromthe group consisting of a capillary force and a pressure
differential. 38. The nmethod of claim37, wherein the pre-chanper is
capabl e of37exerkhedgethod pf elpim 35[3’(@@1?’@?%?‘&@%1? tevasd stheatialysiShanber i s
capabl e of i : L . f . | | fferential
xt ot s borpibEen i Byfh SPK BfKingTotce, Phcken 8 ARRL ort Sriee@abres o o

of cl ai m 38lecteli o thetgheurcapisisting yf 4 Cdpiltarg katé al Dyrebduee difttentials chanber
is greater than the capillary force exerted by the pre-chanber. 40. The
met hod of claim 39, wherein an interior surface of the pre-chanber

conprises gt | t.{d . -.che anard...at a
Firot di stince TRgnebd e AR SR MR Tbe e R B T e

sur f ace ofcapillaryeforde)anid she aiadyixohambeipisicagbledf dxeafilg o secerid aapillaggcond

anal ysi s chanber walls spaced apart_ at a second djstance tq _define an

anal ysi s dpEsRi3ad whereima difigrential pxipts betisen the fypt anddhe sgeand sapillaianber i s

| ess t han f{)lt?:@s hei ght of the pre-chanber, and wherein the differential
capillary Torce derives at least in part froma difference between the pre-
chanmber hei ght and the anal ysis chanber height. 41. The nmet hod of claim 39,

wherein at | east one o e, pre-chanber and, anal ysi s anber conprises a
subst ance ¥apa rB?th@J]ﬂéaelrrhanlhea%mﬁ%aﬁﬁhgv r%eﬁﬁipy Wsisgo  The

met hod of Wup i | t m t he group
consi st ngﬁ%@b?lﬁ%{eﬁ%;&,{aﬁaﬁ? é@%ﬁgﬁgaﬁeﬁ%ﬁ%@%&%ﬂh&%r ous material, a
crystalline nmaterial, a porous material, or a conbination thereof. 43. The

Consi st  ndor poeyaethot afaigs S aTers R Fiegen v A oldbrBie Tt act ant, a
hydr ophi | icﬁnﬂ)ﬁses at least first and second pre-chamber walls spaced apart at a first distance

to define a pre-chamber height, and wherein an interior surface of the analysis

chamber comprises at least first and second analysis chamber walls spaced apart at a

second distance to define an analysis chamber height, wherein the height of the

analysis chamber is less than the height of the pre-chamber, and wherein the

differential capillary force derives at least in part from a difference between the pre-

chamber height and the analysis chamber height.

41,  The method of claim 39, wherein at least one of the pre-chamber and analysis

chamber comprises a substance capable of enhancing or diminishing a capillary force.

42.  The method of claim 41, wherein the substance is selected from the group
consisting of a polymer, a resin, a powder, a mesh, a fibrous material, a crystalline

material, a porous material, or a combination thereof.

43.  The method of claim 41, wherein the substance is selected from the group

consisting of polyethylene glycol, polyvinylpyrrolidone, a surfactant, a hydrophilic
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2 4 SEP 2004 bl ock copol yner, and pol yacrylic acid. 44. The nethod of claim
37, wherein the pressure differential conprises a positive pressure
applied toward the anal ysis chanmber. 45. The nethod of claim 37, rhg{kﬂﬂﬂ
the pressure differential conprises a negative pressure applied omthe
anal ysi s chanber. 46. The nethod of claim37, the pre-chanber further
conprising at | east one erxibIe wal | and wherein upon conpression of the
chanber | ume of the pre-chanber is reduced. 47.
The netho lB@F(&gﬁé@§6£u%@L%m éﬁber further conprising a valve at the
first end capable of substantlally seal ing the pre-chanber fromthe
penetration probe. The met hod of claim47, wherein the step of

subst anti g4y fTha mﬂ@oﬂ ﬁéclaﬁawswhereleﬂhmﬁsum difterentipl @Wﬁﬁ?#ﬁ@‘ﬁuﬁ"bm ng
t he val ve 0 Sl 49. The nethod of claim 27, the
anal ysi s éﬁﬁ%ﬁ%r%ugﬂ?w%%“ ?lrslgfna east one flexible wall and V\,herei n

upon conpression of the analysis chanber at the flexible wall the volume
of the anal SIS chanber i s reduced. 50. The nethod of claim49, further

conpri si ng*¥ he Bhedpethed ofiplainy 3hgvherein the prsssurrdifisreatial comprises f exi bl e wal |
of the ana\i §1'1\?0;ﬁ-9?sﬂpeep thgﬁl Hoﬁ%g%nilpﬁsgm of the analysis chanber; and
mp Hb 0

r el easi ng ressi orce rma partial vacuumin the analysis
chanber. 51. The nethod of claim50, wherein the penetrating step is
pr eceded b-k/ the _applyi ngf step and fol | owed by the rel easipg step. 17

6. The method of claim 37, the pre-chamber further comprising at least one

flexible wall and wherein upon compression of the chamber at the flexible wall the

volume of the pre-chamber is reduced.

47.  The method of claim 46, the pre-chamber further comprising a valve at the
first end capable of substantially sealing the pre-chamber from the penetration probe.

48.  The method of claim 47, wherein the step of substantially filling the analysis

chamber with sample comprises losing the valve and compressing the pre-chamber.

49.  The method of claim 27, the analysis chamber further comprising at least one
flexible wall and wherein upon compression of the analysis chamber at the flexible

wall the volume of the analysis chamber is reduced.

50. The method of claim 49, further comprising the steps of:

applying a compressing force to the flexible wall of the analysis chamber to
reduce the volume of the analysis chamber; and

releasing the compressing force, to form a partial vacuum in the analysis

chamber.

51.  The method of claim 50, wherein the penetrating step is preceded by the
applying step and followed by the releasing step.
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