WO 21105/ 084530 PCT/ EP2005/ 002273 1 Body fluid sanpling device The present
invention relates to the field of body fluid analyses in order to nmake a

di agnosis or to nonitor the concentration of analytes such as the bl ood

gl ucose 5 concentration. The invention concerns a device or systemfor

sanpl i ng sad Rovatieadsit s of body fluid. A body fluid sanpCirEg2aeni2es may
conprise a skin piercing element with B fluid pathway for receiving body
fluid therein. At least a portion of the fluid pathway is open to the 10
envi ronmne ANy ice further conprises a fluid receiving neans
which is rﬁsog m%g%mrl%%qfﬂgyﬂ uid pathway so that fluid in the pathway wl |
not contact the fluid receiving neans in a first (separated) state. The

devi ce or stem.can be br.ought i nt ecand state i ich at |east a
por t 1 on_of ERESRH e Ragion ree Rt Rl e B g8 andh s Tnbatl oo SFiui 4 i s
t r ansf er r eflagnBas 6icto Abist@ i) Sonbé@iitian sBAEBAesQlich fahé blabd gfueeRi Vi ng means 15
anal yte concentration can be determ ned. Systens for sanpling body fluids
are al PeadfPERBHPN n the prior art in which body fluid is taken up into a
di sposabl e el ement. Bl ood collection and anal ytical systens are e.g. known

fromthe docunent EP O 199 484 which conprise a disposable unit with a
capi |l | ary The i2@ntigl ¢exterisadievice vr systomu for sarhplanpsypeal tantdvatstod dbgdyf fluiddAi nt o a

detection area.. The further devel opnent.of. this conce is.described in WO
07) 42886, PHE T ATBLHE AT GoLeY FRRRTTAT S Raelen S THERRGRF Syl ( abl o
for col | eclidddng BB fivialtierSiBAL leAMRWYOHRNQF (HROTMA pAtHivap is opbh Etnk s primarily
acconpl i shed by pressing a ring onto the area surrounding a collection site
and a PBunpenwsemnenhtLhesagpling devies fusthen sospsiseresdeid serebieg Meansodvehsis of
interstiti | uig QS 0. 7 E hi se a very
thin clos e%bﬁég)t?ﬁl gr\(/)v}ﬂntg% éd(ﬁégm?srngsogtg%@jl 1‘?}’1 %QP%%&%W% %&é}ﬂ aI&::]é{Ié;ﬁlélﬁ itial
fluid is ceterdyeshehdsriatgfiirst (sepanaed)isautd Thadéesd orzgstem day bapluyhtrigtor essure to
the area surraqunding .th ncture,site. A highly mniaturized, arrangenent
whi ch a s o ER IS W BEEE HORHITR Qe ORI N &P IEBA {1 om US
5, 801, 057. soAbAFutd i§ taREfeASY FH:s806n QbndldfrSm ArsEARY MR HluiSrebi®neXlch@Tel Yy thin
needl e which 30 can be inserted into the armregion of a patient w thout

essent 1l | apalyipcopegniration can be determined.

Systems for sampling body fluids are already known in the prior art in which body fluid is
taken up into a disposable element. Blood collection and analytical systems are e.g. known
from the document EP 0 199 484 which comprise a disposable unit with a capillary to

20  collect body fluid and to transport the body fluid into a detection area. The further
development of this concept is described in WO 97/42888. The arrangement described in
this patent is particularly suitable for collecting relatively small amounts of body fluids
which is primarily accomplished by pressing a ring onto the area surrounding a collection
site and a pump movement. A system for analysis based on small amounts of interstitial

25  fluid is known from EP 0 723 418. For this purpose a very thin closed hollow needle is
inserted into the dermis and interstitial fluid is conveyed through the needle to a test zone
by applying pressure to the area surrounding the puncture site. A highly miniaturized
arrangement which also utilizes a closed needle to withdraw body fluid is known from US
5,801,057. A particular advantage of this arrangement is the extremely thin needle which

30 can be inserted into the arm region of a patient without essentially any pain.

Whereas the arrangement described in US 5,801,057 already fulfils numerous practical

requirements, some features are in need of improvement. A general problem with the
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Whereas the arrangenent described in US 5,801,057 already fulfils numerous
practical requirenents, sone features are in need of inprovenent. A general
problemw th the WO 2005/ 084530 PCT/ EP2005/ 002273 -2 sanpling devices
according to the previously nmentioned docunment is to manufacture the hollow
needl e costWeRie@##SYel y and as small as possible. Wth PRITEP2NEAY fl ui d
sanpl ers which have an open fluid pathway structure are 5 contenpl ated. The
docunents US 2003/ 0018282 and US 2003/.0028125 bot h descri be skin piercing
devi ces whi ch have an open channel for body fluid sanpling which at |east
partially p&ass ] anpl ed
into the faﬁllp ciﬁ)gpat %&O?%ngatﬁgpg&lp gséﬂngﬁtgdr{égg“ ng giosﬁgﬂﬁufa |e§hfi xed to
t he ski n piodowinegdle bestreffectiviely andas srnallidsgrosdilSe2 003/ 002 8 1 25 descri bes that
the skin piercing elenent is integral with a part 10 of a test strip. A
further docunment that contenplates a simlar sanpling and testing device

Wi th proviwith fhi® hintbd9aluid Sanl &8 which WERCAn dpRfl fluid Phwd§ QB0 8:R8290. The pri or

art sanpling and testing devices describe énbodi nents where sanple froma

capi | | &y conteamiated. Shedecunenis We 20051001 8283 amé U 20031002%1 22 dath dﬂmrd:ﬁ skig i n

t act
body 1 ut S5 RerScs AR e AR Blknd foriidd) abiIRaRb R Ahich INEIE DT B Dhoce®
i n which s;mmtmllg i$ lz)cata&ﬂm mg1on3>f apierafig xidedlledﬁmly thmahtalqﬂed/\tntdnha ﬂ'uelst i ng zone.

After havin akenu a flui l e into_.th | uid pathway at | east a
portion ofP Yip HRRp i{gﬂ@ﬁe\aﬁespgg%% @dﬁﬁé‘?ff@&hwk%&ﬁmﬂﬁﬁfﬂn%é& vi ng neans

that recejay@sidiug EbOBIO@QBiiSQle@@Pb@Wt thd §18n biekbirth éléiﬁéﬁt‘{é b e apAY be a
test zone or it nmay be 20 a zone that transports sanple to a test zone.

Vet ti n of ofiafest staipt Aszﬁléertdﬁ@lﬂéﬁf%ﬂ@t etertpdates animilatsepling andtestingskevied manner
by the Con{vﬁg%llogﬁlo%to%gé)to Eéis%?&hbéhglp%s 2003J016850. VoL NG has the

advant age e rea ween contacting a test
chem stry wth sanple fluid and readi ng of test results) can be controlled

whi ch | ea 0. hi gher .acc f .an t. m nat rther

Advant age. Lismisrad Seopifcatirghe dricS drinGron gt cbersamphto § ui

sampl i ng 11&%Hé}éﬁﬁélrlgd1ﬁﬁccﬂ§'hﬁn§ﬁrfea|tb RebsHRY2dn8 wiidhNs fh doRedct Wh aRNE can  be
conducted at different |ocations. Fluid sanpling for exanple can be done at

t he frbnt c}@n@bldfioréranaﬁ@dhatéwpraqyp@nmmgn proppsss bodit Bwd sagphwgdnd destingt i ng zone
can be madc?ev‘f@eg whgretrﬂe fluid pathway in a phase in which sample is taken up is out of fluidic

contact with a testing zone. After having taken up a fluid sample into the fluid pathway at

least a portion of the fluid pathway is being contacted with a fluid receiving means that
receives fluid from the pathway. The fluid receiving means may be a test zone or it may be

20  azone that transports sample to a test zone. Wetting of the test zone therefore can be
initiated in a controlled manner by the contacting step. This triggering of test zone wetting
has the advantage that the reaction time (i.e. the time between contacting a test chemistry
with sample fluid and reading of test results) can be controlled which leads to higher
accuracy of analyte determination. A further advantage compared to the prior art sampling

25  devices is that fluid sampling and contacting of the sampling device with a testing zone can
be conducted at different locations. Fluid sampling for example can be done at the front
end of a hand-held apparatus while contacting with a testing zone can be made within the
apparatus. Due to this shuttle function of the skin piercing element optics or other
evaluation means can be moved into the interior of a housing which is advantageous with

30  view to the limited space at the front end. A further advantage of contacting the test zone
or the fluid receiving means with sample already present in the fluid pathway is that

contact can be made with a portion of the fluid pathway that does not contain the first fluid



apparatus. Due to this shuttle function of the skin piercing elenment optics
or other evaluation neans can be noved into the interior of a housing which
i s advantageous with 30 viewto the limted space at the front end. A
further advantage of contacting the test zone or the fluid receiving neans
wi th sanpl év@RWeEK3Present in the fluid pathway is thafPCTERA&0922Tan be
made with a portion of the fluid pathway that does not contain the first
fluid WO 2005/ 084530 PCT/ EP2005/ 0022733 -3 energi ng the body. By this

i nfluences of plasma and substances fromthe body surface can be avoided or
reduced. E Sl; ' f od

uri ng.t na e RRBRL? IR en S BF Rk hiled 51 oHOREy SR8 T e
human bodyedwridetprsedyekd.ng. The present invention therefore has significant
advant ages over the fluid sanpling devices of the prior art. 10 One
particular field of application of systens and devices for w thdraw ng snal |
anounts  Gurth@ehord 4 phiydidaBsebitatiGPoftRe feStoB®Rbm MBI ldafihg thelsBmpPltCtept he
concentration of particular _analytes present in body fluids is determ ned
at a pértWH@ﬁ&ﬂmimﬁéhmsﬁgﬁdﬁﬁ&@h@éﬂ%ﬁh@nﬁdﬂﬁyH@m@ﬁﬁﬂﬂ@agout repeatedly at
time intervals in order to nonitor a change of analyte concentration. Such
anal ysi s enpl oyi ng di sposable test elenents has proven to be 15 particularly
advant agedirs pespe civehtign tharefdre hés sg¢rificht dlvantdges vgartherfeid samplixgyt debices
diabetics.f | f excessively high blood sugar val ues (hyperglycaem a) occur in
a di abet | PTRFAIORAeri od “of time, this can lead to serious | ong-term damage
such as blindness and gangrene. |If, on the other hand, a diabetic gets into

a state of hypogl ycaem a because he has for exanple injected too |arge a
dose 00 i fngnarieular fipkd of gpplisebeomel dystems et deyicenfon yithfraptng wiadlpanduotsf al | s 20

into a so- . Ly 1.G .S A, r l ofc the bl ood sugar

| evel enab?géﬁfﬁﬁgl’%ﬂg%? iflge'alsﬁotaxggrlﬁgmﬁ%%&%ﬁf;@géﬁq&%ﬁ%ﬁg nh%’%fé lf}lcl%]raen‘i c states
and al so tanalyeapresémdm baly fhody id idetaingindd & agatticulgr fivaiJush nradirdnyenscdainvi ty and
i nsul i ne r{)edi cahi on. In addition to. i ovi ng .and i ntaining the health of
di abet i cs,PerCagsH QP ISPl Fgipe IsRYAlYR O ”aqlggm??é%c SR ST UMD e overal |

econom ¢ aduantaHaS SatHaR1yEis Shplidledi{fRsabker QREA NisHad FRIES10RN be 25
avoi ded. The reasons which prevent a nore w despread and consequent use of
bl ood Buganarticularly advantageous especially in the field of blood sugar measurement by diabetics.
If excessively high blood sugar values (hyperglycaemia) occur in a diabetic over a period
of time, this can lead to serious long-term damage such as blindness and gangrene. If, on
the other hand, a diabetic gets into a state of hypoglycaemia because he has for example
injected too large a dose of insuline, this can become life-threatening if the diabetic falls
20  into a so-called hypoglycaemic shock. A regular control of the blood sugar level enables
the diabetic to avoid hyperglycaemic and hypoglycaemic states and also to learn how to
coordinate his eating habits, bodily activity and insuline medication. In addition to
improving and maintaining the health of diabetics, regular blood sugar monitoring also has
considerable overall economic advantages since high costs for secondary diseases can be
25  avoided. The reasons which prevent a more widespread and consequent use of blood sugar
monitoring are primarily the pain caused by the required body fluid collection and the
multiple handling steps of systems currently in the market. With the currently used systems
the diabetic or medical staff must firstly obtain a drop of blood which is usually obtained
from the finger pad. So-called lancing devices may be used to reduce pain. A lancing
30  device must be firstly loaded with a lancet, tensioned, placed on the body surface and
triggered. After the lancing process the user has to milk his finger in order to convey a drop

of blood out of the puncture wound. Before this procedure the diabetic has to already place



nonitoring are primarily the pain caused by the required body fluid
collection and the nultiple handling steps of systens currently in the
market. Wth the currently used systens the diabetic or nedical staff nust
firstly obtain a drop of blood which is usually obtained fromthe finger
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device nmust be firstly |loaded with a | ancet, tensioned, placed on the body
surface and triggered. After the | ancigng process the user has to mlk his
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PCT/ EP2005/ 002273 -4 a test stripin a sugar neasuring instrunment and
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after for exanple 10 s n ood sugar. neasurenent is avail able.
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present i Nuepidsem ivRalbieenable Y R6RsSofHloddl 0@ nfigrememas b eREE to be
greatly 5 sinplified. Sinplification is reached by enploying a piercing

el enent wiBPifiedcei ves body fluid in a fluid pathway and this fluid then
can be automatically contacted with a fluid receiving neans including a
test zone. A sinplification of blood glucose testing not only is 10

advant agedimplification isrreavhediby employing hgpeéing Elgmantsvhittasctines wilf dlotd inkhat nor e

peopl e havin i abetes. wil] . .test .their hlgod glucose,caoncentr.ati on on a
Peon ar  naunerebdamaiii frud bt S edtianai bt tHer R BaRER B P logan:

i nventi on 15&dmy @Rludhe\ tEé’t(ibﬁéNASsHﬁbliﬁcaﬁﬁﬂUﬂElSo@%lu&iﬁéﬁésﬂ’iﬂgJﬁd onlyist hi s cont ext
body fluids are understood in particular as blood, 15 interstitial fluid and

mi xt urlds  crvEHEEsEUIeBGurTant pesss theerfaBe alsmhasdhr/adfret BAPOsIPsRRle hewdrg ect i on
SYStems t fiigekes Mﬁ%@iﬂtﬁ!ﬂ%ﬁfo&'gﬁfég%sﬁgngéhu%ﬂ% dd a{‘@g}‘ﬁl?rﬁ%gi’s. the collection system

according to the 1 nvention can e used to raw bl ood from al ternate
sites on the body such as the forearmand the palm 20 A skin piercing

el ement for w t.hdraw n mal | anount f body .fluj.d according.to th

or esent 1 v SIS G TBtem SRR edp et 2 SFR BN P o i ng
skin. Wt hinfoun&tofibedsfluid. In@Bis @ntekt bobe RIS hre el gto it jatiitutar b bbed,pat hway i s
| ocat ed whi ch has_a ca(gi | lary activi tﬁ to transport body fluid. At least a
part of5 t Hategsigpl flwd gndsmpxieresipithess bady Huigs. Whaseas in conventional blood

collection systems this is usually carried out on the finger pad, the collection system
according to the invention can also be used to withdraw blood from alternate sites on the

body such as the forearm and the palm.

20 A skin piercing element for withdrawing small amounts of body fluid according to the
present invention has a protruding portion with a sharpened end for piercing skin. Within
at least a region of the protruding portion a fluid pathway is located which has a capillary
activity to transport body fluid. At least a part of the capillary structure, preferably the
whole capillary, is open to the outside along its extension. A capillary structure is

25  understood within the scope of the invention as a body which transports body fluid as a
result of capillary forces towards the proximal end of the capillary structure when the distal
area is contacted with body fluid. With regard to this function the capillary structure
according to the invention is similar to the open needle structures described in US
2003/0018282 and US 2003/0028125 to which reference is made herewith. However, an

30  important difference is that these documents describe microneedles where the capillary
channel is steadily in fluidic contact with a test zone so that body fluid received in the

capillary channel is directly applied to the test zone and hence initiates reaction.



whol e capillary, is open to the outside along its extension. A capillary
structure is 25 understood within the scope of the invention as a body which
transports body fluid as a result of capillary forces towards the proxinal
end of the capillary structure when the distal area is contacted with body
fluid. WtHWeayar#sdtb this function the capillary structGTEP2§80OG2T ng t o
the invention is simlar to the open needle structures described in US
2003/ 0018282 and US 2003/ 0028125 to whkch reference is nade herew th.
However, an 30 inportant difference is that these docunents describe

m croneedl es where the capillary channel is steadily in fluidic contact
wth a test zone so that body fluid received in the capillary channel is
di rect |y dpplongitudinaltertensios bf thesldn piecidpeiareerit xtendstfemm o @andmarend Which

2005/ 084530 PCT/ EP2005/ 00227 -5 . The | ongitudi nal. extensi on af ,the skin
pi erci ng @F‘gﬁ‘gﬁrﬁ%@@%ﬁ? v t?;\leﬁ?igﬁ‘f‘%‘l‘p‘g’ﬁﬂﬁl%%rﬁmnﬁf&%@ﬁ lﬁérger‘ge%@l%i ng area
to a di st ghseRETintathE Bin ATHY K16 WHeesRA e fR1dr W&V dnSopehing AEBEIr HiRtaPe ,
inserted into the skin. The holl ow needl es of th I?rl or art have an opening

t
at thePr @ndthapugh veeh PWY%%CW%tG?ﬂFidLHaHW@;ﬁ errhargeaitio e kkosed ui d
pat hway 1 Refhrelaniesbth WA hORAGonE RAARL BleofPATRR cal fladfl:filiuiche ! €st

zone is located. In contrast the capillary structure acc Ing to the
present i nvendingto the pfeserhhweniicon pferablyds bpen to tiestutkddeoarer its egirent i r e

| ongi tudi nal .extension, and.the fluid path is, not closed by a test zone. 10
Open capi Iqﬁ’%r1 é’é‘%ﬂﬁ’nﬁ@nﬁﬁ%hﬁ@é’f‘{ﬁa&ﬂ‘sﬁ?tCB?FS&BV?FWB@?‘?phi c nethods like those
described in the docunent US 5,801,057 and which are known fromthe field

of sem conductor_technology. It is al so.tgossi ble to provide channels,
groovdd etQrengppillsriescan bpmangfactunge by phatelithesrprhicmethddnideedthess deseribed ini ng,
etching a ' gﬁp; | | ' . i1 lary channel
may | ead 19 geo%& 8“#%5’(???%? 7 eas@é@ér%@%wgé{ﬁgﬁé géc/]flg?%?“]ﬁg‘?‘}dﬁg‘mh p of the 15
ski n pi er atchgolegy ifeistalsb @ossilie toproville thahnkls) graoeed aa witiclchre operctonieect abl e to a

hol di ng device. The depressi.ons or.capill aries, do not necessarily have to
run i n st RRiRin seliiEasedlss By millRE sickinehi swbiike) B eRE G PePit al 5,
meander s QfCeapfilafy SN Meayt 18R] E&Etﬂe'tfisrdr%§1e£@¥rombaere§iroh%ﬂﬁﬁﬂn% fRe @pBEIMOr k wi th
bi furcations, split capillaries, etc. The cross-section of the capillaries
can fdb exhimpiecibe elgmehtiocoprosiaw halding tegion whichis sontestablgriga halding20

device. The depressions or capillaries do not necessarily have to run in straight lines, but

can also for example be arranged in spirals, meanders etc. Furthermore the capillaries may

be arranged in a network with bifurcations, split capillaries, etc. The cross-section of the

capillaries can for example be V-shaped, semi-circular or also rectangular.

20
Such channels are preferably generated by etching processes as photochemical milling
(PCM). PCM is the machining of metal structures without heating or mechanically milling
the starting material. PCM is based on optical pattern transfer and etch processes. It is
known to be a micromachining technology.

25

The starting materials are metal sheets. There is a wide range of different materials to
choose from, ranging from medical steel to aluminium and invar. In the case of steel, most
of the standard medical types are available. When compared to silicon, glass or quartz, the
cost of the raw material steel is much lower.

30



Such channels are preferably generated by etching processes as phot ochem cal
mlling (PCM. PCMis the nmachining of netal structures w thout heating or
mechanically mlling the starting naterial. PCMis based on optical pattern
transfer and etch processes. It is known to be a m cromachi ning technol ogy.
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different materials to choose from ranging fromnedical steel to alum nium
and invar. In the case of steel, nost_gaf the standard nedical types are
avai |l abl e. When conpared to silicon, glass or quartz, the cost of the raw
mat eri al [ 3 : 054,008 -6 PCMis
a Photoli ?Egglrszf!p f@%ﬁﬁ?@%ﬁ%g@}?@%@%ﬁﬁgﬁgﬁggjg)%g?%%[{E{une og%g structure
to be naatichieed issransfemsd epticeldly. dppliotaatnsible polpinet is appieid bhie thomgtabshekts appl i ed

onto the net eet. in.a fil The polyner. is referred to as photoresi st
and comes '} ﬁglr’{?\xsjﬁleﬁﬁ@er%”ffmﬁalﬁo ?Sé:glf)g)l‘es{sf 9 ComeihXOIPSnt 0 t he substrat e)
2. Wet resist (liquid spread and cured on the substrate) Upon sel ective
illumnation of the photoresist via a shadow nask, the photoresist can be

10 sel &ct ilvRryrepighdriblaminaged anfrethe gehstratgl e (which is often referred to as
patterning). Wien the patterned substrate is exposed to aqueous sol ution
(e.g. Ilron (1Il) chloride for steel) which reacts wth the substrate

mat eri al , 2t Wet resisefliqald spsead ehdatred/a@l the senoetey] from the areas where there is
no photoresist left (referred to as the "etch"). There are two main 15
principles of how the substrate can be brought in contact with the

subst r at e.Upoa seldétRRIiMenAktidd 6 tBdRivtdrédif via PadowPlabk, @fe fRbORANRE cah beSPr ayi ng

of the etchant on the substrate 20 The etch step is in its nature generally
i sot r dfi c selectvely igmowedcfiiorn deesupsiratgpeshi iprpfien spferied tasgsrattenningyl | di recti ons.

| sotropicity can be influenced by a | arge nunber of parameters during the
phot ol i t hography and during the etch, thus it is possible to control the

et ch prof iWkenwvth¢ hatierned substrate is exposed to aqueous solution (e.g. Iron (III) chloride for

steel) which reacts with the substrate material, the material is selectively removed from the
areas where there is no photoresist left (referred to as the “etch™). There are two main

15  principles of how the substrate can be brought in contact with the substrate.
1. dipping of the substrate into a bath of etchant

2. spraying of the etchant on the substrate

20
The etch step is in its nature generally isotropic, i.e. the etch rate is approximately the same
in all directions. Isotropicity can be influenced by a large number of parameters during the
photolithography and during the etch, thus it is possible to contro] the etch profile within
certain limits.

25

Spray etching offers larger flexibility in controlling etch rates and profiles when compared

to dip etching.

In most cases, it is imperative that the photoresist layer is removed from the substrate to

30  obtain the sampling devices. Removal of photoresist layer is normally a wet process.
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3. The cross-section of the capillary channel is typically larger than 2500 umz and less
than 1 mm?2. Preferably ﬂie capillary channel has a width in the range of 50 to 450

micrometers, most preferred around 200 micrometers. As already stated above it is
advantageous that the capillary channels are open to the outside such that they can take up
body fluid while the capillary structure is inserted into the body. In order to achieve a good
uptake of body fluid the area of the capillary structure that is open to the outside should

have a length of 0.5 mm or more.

The shape of the skin piercing element is relatively uncritical. It can for example be in the
form of a small cube. Special measures are usually not necessary to mount the skin
piercing element in a drive unit but a holding region located at the proximal end of the skin
piercing element is preferred. Advantageously the holding area is formed integral with the
other regions of the skin piercing element. Piercing element designs can be employed that
are known for disposable lancets of conventional blood sampling systems. For example the
holding region can have tépers into which spring elements of a holder of a drive unit
engage in order to hold the piercing element. The piercing element is advantageously
positioned within a holder in such a manner (for example by pressing the end of the

piercing element facing away from the tip against a stop) that it allows a good control of



piercing element in a drive unit but a holding region |ocated at the
proxi mal end of the skin 25 piercing elenent is preferred. Advantageously
the holding area is forned integral with the other regions of the skin
piercing element. Piercing el enent designs can be enployed that are known
for di sposaifP@'PBatsét s of conventional bl ood sanpling sSTETBSEH27exanpl e
the holding region can have tapers into which spring elenents of a hol der
of a drive unit engage in order to halgd-the piercing elenment. The piercing
el ement is advantageously 30 positioned within a holder in such a manner
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the tip against that 1t allows a good control of 84530

PCT/ EP2005 lgidez 28d ﬂwsntletaetupn atw¢engheleqdden andék disposablei lsnomgianit 0 t he docunent
EP B 0 565 970 with regard to such a holder and the interaction between the
hol der and the di sposable | ancing unit. The body fluid sanpling device in

addi tion tThetvdy Shidsapipiing dddeesih @ddition fdake kid pigicthgeléeae hyd Nguideans which is
spatially separated fromthe fluid pathway of the skin tg@ercr ng .elenent so
that flui dePHVIRAECApaYGR sarltrqllmatar%%ﬁr%rhetfhad pathvey pidhe skip Rigr¢dans duri ng
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to each ot ter een recelve | east part of
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The spatia rati skin. er ci.n e ur d vin ans
enabi bg. o0 QLRSS PEY HF G h P PG iahe R reley ang st ol o
shuttle tothgmd]mfeactﬁﬁr{ph@qe&l uid to a fluid receivi ng means. This is
particul arly advantageous when fluid sanpling is nmade in a spatially

restri & ed area (e.g. the front end of apparatus) and the fluid 15 receiving

means does {uhts dﬁ!ﬂt on'o%l‘é’in&ﬁyréinésélgﬂu %n&ﬁﬁﬁ%eceﬂﬁg Jn@&r}s‘%ha AE& particular is

t he case recei vi ng nean to a tape as e. escribed in
Eur opean pah@dumaﬁpwmtatth&ﬂkmplemﬁ@ ebakts4s erhiSO)deZ&B& shettle amtjart'spo@ 299 517.

pi or ci ng. ST RHO e RO rreeprs Bty bl e b RacuS TR Y i o ¢ he
ski n pi er ciangpliak &MAde in a spatially restricted area (e.g. the front end of apparatus) and the fluid
15 receiving means does not.fit well into this limited space. The latter in particular is the case
for fluid receiving means fixed to a tape as e.g. described in European patent application 0
202 6242.4, US 4,218,421 and EP 0 299 517. The shuttle function enables a testing process
with the steps of

20 - piercing skin with the skin piercing element
- sampling body fluid into the skin piercing element
- transporting sampied body fluid with the skin piercing element to a fluid receiving
means
- contacting the fluid receiving means with body fluid on the skin piercing element,
25 - detecting a change of the fluid receiving means which relates to the concentration

of an analyte.

When a magazine with fluid receiving means is employed there further can be the steps of

exposing a specific fluid receiving means from the stored fluid receiving means to contact
30  the skin piercing element loaded with sample fluid. When the specific fluid receiving

means has been evaluated a further fluid receiving means can be exposed to contact sample

fluid on a skin piercing element.



- transporting sanpled body fluid with the skin piercing elenent to a fluid
receiving neans - contacting the fluid receiving nmeans with body fluid on
the skin piercing elenent, 25 - detecting a change of the fluid receiving
means which relates to the concentration of an analyte. Wen a magazi ne
with flui d We2BHE4AY neans is enpl oyed there further caRCHEPINEEEEps of
exposing a specific fluid receiving neans fromthe stored fluid receiving
means to contact 30 the skin piercingelenent |oaded with sanple fluid.
When the specific fluid receiving neans has been evaluated a further fluid
recei ving neans can be exposed to contact sanple fluid on a skin piercing
el emrent. WO 2005/ 084530 PCT/ EP2005/ 002273 -9 A system accordi ng to above
shuttl e cohspem adverdihgtocaboasshotile conceptherefke hasgine oc inoge skéd pierintgs, a drive

for driving a skin .piercing elenent to pierce skin,.a transport ans to
transport ‘%ﬁﬁe‘ﬁw‘ﬁ“&a i‘?ré#rw&gr?ﬁg}?spl‘?rﬂf’% C@BWPtat(?tplWets??“’a ainiampd’ﬁrné%f’ i ng means.
The drive tfkpdat ik ekidipigciag chehddnto lcamaf avith IMRAA SecBB IR MBPTIRYRHe fdt t he same
drive unit. Further the system m% conggli se a storage unit for multiple
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fluid recel¢ichg apg thedranypast meaps gigy ed ipghe sareghiveaminfutbsodeng unit for
successi ve ' [ i s gt Q. ' i P%&H e fluid
recei ving %tgﬁféﬂ%iéd%ﬂg{s# Egg)ll:lg ei{ﬁﬁ‘gﬂ?@gﬁﬁ? g‘éléi rgcpeli\ﬁﬁﬁnga?sr Eiﬁygg%e ul i{%at hway
of the skinay pineprise ag egpasimeninit faitsuscesyivedk exposing fluiddeerigng oransdie racevenpl i shed
by an el ectr.i,cal potential applied between fluid in the fluid pathway and
the fluid @g'ei ving nmeans. Preferably, however, the fluid receiving neans
has a higher capillarity than the fluid pathway of the skin piercing

el enent so that during contact fluid is automatically taken up. 15 In this

r egar d'@ heThq fliid recevanamenys pppsiaiceshycantade up fyid o pduidpashwayaithe

material t Qﬂ.@ i : apl I i Ly east in areas
for fluid ’tflgiglfe up .&fﬁ%&ﬁ@?@th{%@m %%qﬁﬁegenéu%gﬂﬁ{gélgs;gﬁ %%F"lt“?@m ar region
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pathway of the skin piercing element so that during contact fluid is automatically taken up.

15  In this regard the fluid reéeiving means can be made from a fleece or fabric material that
has a high capillarity and is hydrophilic (at least in areas for fluid take-up). The fluid
receiving means may have a particular region which comprises such material of high
capillarity or the whole area of the fluid receiving means can act as receiving means for
fluid from the fluid channel. The fluid receiving means may be a test zone in itself which

20  can be covered with a fabric or woven material or the fluid receiving means may be more
complex and allows for pre-processing of sample fluid and /or transport of fluid to a sensor
/ test zone. Pre-processing may comprise filtration of fluid sample and / or a mixing with

reagents.

25  The fluid receiving means comprises a test zone with at least one chemistry layer that

contains a reagent for detecting an analyte.

The reagent undergoes a detectable change due to reaction with the analyte to be detected.
Typical reagents for detecting glucose are based for example on glucose oxidase in

30  conjunction with a chromogenic redox system. Reagents are well known in the prior art for
optical evaluation which form a colour with glucose from the body fluid. Furthermore

reagents are also known from the field of blood sugar test strips which allow



20 can be covered with a fabric or woven material or the fluid receiving
nmeans nmay be nore conplex and allows for pre-processing of sanple fluid and
/or transport of fluid to a sensor / test zone. Pre-processing may conprise
filtration of fluid sanple and / or a mxing with reagents. 25 The fluid
recei vi ng meQR®seBri ses a test zone with at | east onePERERIEPZ2T3ayer t hat
contains a reagent for detecting an anal yte. The reagent undergoes a

det ect abl e change due to reaction withiphe analyte to be detected. Typical
reagents for detecting glucose are based for exanple on glucose oxidase in
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oxi de, ki esel guhr _and such |ike) have s (PUScapl | larity that they

can take upoKdepailhesy vtrrgﬂqepp@lsmgppq HS? 7éﬁ5ﬁ9|é'll 86268 t hese detection

systens are well-known fromthe prior art they are not described in 5 nore
detail herein but reference is nmade to US 5,762,770 and US 36, 268. The body
fluid col | €ind basly fhydt@lectimcsysteinragedrding tethp peesen inventierdddiionaltidhdsizonal | y has
a drive unit which en activated, m)esthesm erc el enent from a
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Sui t abl e dgdcyi puition saéiEthiEt perfdPmk B RMBInk hVeib@, Siifbl d@fve RhROste SRl I ng
systens. It can for exanple contain a spring which is cocked by the user

and whih rlosasiom dhg Held of bleodsanmpling aystamsgltrefos srampie pentain e sprRrg yhich
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for body f yS| s conprise a detection a sensor est zone
15 cont ai nadwgniragagleldhvémﬁuisddscwhédthmngés9@@)I our or forms a col our when an
analyte is present, the system can have an optical detection unit

conprising a light source and a detector to detect transmtted or reflected

i ght. Wiegy®dBEt deQ5daeor badly SatieadalydR comprif& Bdcddcsdn uhih af $¥enk@MtéRSone
el ectrodes mhlch contact the test zone or the fluid receiving
15 containing reagent is used which changes colour or forms a colour when an analyte is
present, the system can have an optical detection unit comprising a light source and a
detector to detect transmitted or reflected light. When electrochemical detection is
employed, the system has electrodes which contact the test zone or the fluid receiving
means. For evaluation of raw signals the system can have electronic devices known in the
20  prior art in order to determine the concentration of analyte for example by measuring the

so-called Cotrell current (see e. g. US 36,268).

With the skin piercing element according to the present invention body fluid can be
withdrawn while the protruding portion is inserted into the skin (i.e. withdrawal of sample
25  directly from the body and / or from body fluid emerging on the body surface) or the
protruding portion can be retracted from the body after piercing and takes up body fluid
that emerges on the body surface. A partial withdrawal in which the protruding portion
remains in the body but the lancing channel in the skin is opened to collect body fluid is
especially suitable for sampling at the arm. This is due to the fact that small incisions on
30 the arm close very rapidly such that no fluid or only very small amounts of fluid emerge
after piercing. On the other hand the sensitivity to pain is much less pronounced on the arm

as compared for example to the finger and thus when the protruding portion remains in the



means. For eval uation of raw signals the system can have el ectroni c devices
known in the 20 prior art in order to determne the concentration of analyte
for exanple by neasuring the so-called Cotrell current (see e. g. US
36,268). Wth the skin piercing elenent according to the $resent i nvention
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process i sPREE ARE 9 Q} ?31‘35’(“?%% ell Q%barti??‘?vu%‘fl 6&!}8gttp?fﬁma8 T3 part of
the | anci nﬂoﬁ*ﬁl@éﬂ@ﬁﬁo ﬂfémldﬂitﬂﬁ @Qshfhef JkiH ﬂe&%'e%{eﬁt Fhﬂﬁ&lsﬁclﬁwdh&raﬂalent er
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be taken u&laHXel.tlB&oeﬂﬁ)iﬁE on the circumstances it may even be possible to remove residual blood

almost completely so that no blood is seen by the user.

A further decisive factor which is important for an efficient uptake of body fluid into the
20  fluid pathway is the wettability of the capillary channel. When capillary structures made of
silicon are used, these are usually adequately wettable due to a silicon oxide layer on the
surface. If metals are used for the capillary structure, these are often relatively difficult to
wet. This can be counteracted by a number of different measures such as silication of the
surface. The wettability is usually adequate when the liquid in the capillaries has a concave

25  meniscus which is the case when the wetting angle is less than 90°.
The present invention will be described in more detail with regard to the figures, in which:

Fig. 1 schematically shows a first embodiment of the invention with a moveable fluid
30 pathway in a perspective view;
Fig. 2 shows a further embodiment with a moveable fluid receiving means;

Fig. 3 shows a further embodiment with cuts through piercing elements and test zones;



channel . Dependi ng on the circunstances it may even be possible to renove
resi dual blood alnost conpletely so that no blood is seen by the user. A
further decisive factor which is inportant for an efficient uptake of body
fluid into the 20 fluid pathway is the wettability of the capillary
channel . WY@ 2QW&P8430ary structures made of silicon arePGIFR2006HEIB ar e
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skin pi er(non‘@ctel enent and test zone in spaced apart geonetry Fl g. 6

schematical.ly 0 ed shape |II ann 5 Fig. 7
shows a s%l 9‘?"&%%6“&?“& OPVaWFngSPg hl% ?‘f‘%&‘F% ¥ss section;
Fig. 8 schegmmdntgal |y shows a section of an enbodl ment for rragnetl C

triggering of fluid contact; Fi g. 9 and 10 schenati cal 5!13111 show secti ons of
an enb8di fistlliptlh shew teariewnelohrpg! desigpforadditioml Buyg dischares. 14 show t op
views of channel designs for additional fluid discharge. Figure 1 shows a

skin piercing elenment (10) which has a fluid pathway (11) which runs in an
el ongat ed Fgueilohowd 2 ski pieoding elemsikti(h0)prideichas g flmidpatinyay (Th) whishrdsén | s
connect ed 10,8 oSt (b ol o8 LB LIATE: TG Rl9at deprd i on has a
holder (14) in form of a frame. The elongated portion has a protruding portion (12) which
15  protrudes from the holder portion (14). At the front end of the protruding portion a
sharpened tip (15) is located. The sharpened tip (15) enables penetration of the skin surface
during pricking with the skin piercing element. The fluid pathway (11) starts in the front
end region of the protruding portion and extends into a movable portion (13) which is
located in the holder frame (14). The fluid pathway is an open capillary channel which
20  permits body fluid which contacts the channel in the region of the protruding portion to
move into the moveable portion (13) by means of capillary action. As depicted in figure
1A protruding portion, moveable portion and frame portion of the skin piercing element
are formed integrally. The skin piercing element (10) can be made by etching processes.
As well known in silicon manufacturing processes a wafer of silicon material can be etched
25  to provide devices comprising tips and capillary channels. For mass production it is
however advantageous to produce the skin piercing elements by etching of thin metal
plates. It is particularly advantageous that the sharpened tip (15) of the protruding portion
(12) can be formed during the etching process as well so as to avoid separate grinding
steps.
30
As can be seen from figure 1A there is no reagent or sensor contacting the fluid channel

which would receive body fluid immediately after the channel has been filled with sample



15 protrudes fromthe holder portion (14). At the front end of the
protrudi ng portion a sharpened tip (15) is located. The sharpened tip (15)
enabl es penetration of the skin surface during pricking with the skin
piercing elenment. The fluid pathway (11) starts in the front end region of
t he protrud/ayopes+dioon and extends into a novabl e porti BATERBPSAHEEBh i s

| ocated in the holder frame (14). The fluid pathway is an open capillary
channel which 20 permts body fluid whiijgh contacts the channel in the region
of the protruding portion to nove into the noveable portion (13) by neans
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15 the'concentration of analyte in the body fluid. Due to the incorporation of porous materials
as e.g. kieselguhr or titanium dioxide the reagent chemistry already has high capillarity that
sucks fluid from capillary channel (11). The reagent chemistry is applied to a carrier
surface. As shown in figure 1B initially the fluid pathway and the test zone (45) are spaced
apart so that body fluid located in the capillary channel (11) will not be transferred to the
20  test zone (45). After fluid has been received in the fluid pathway and has filled the
moveable section (13) the body fluid sampling device is primed for measurement. By
means of mechanical actuation the moveable section (13) can be bend in direction of the
sensor (45) so that body fluid located in the fluid pathway contacts the test zone and wettes

the reagent chemistry. This mode of contacting the sensor with sample fluid has several

25  advantages over the prior art devices.

A first advantage over the prior art is that measurement can be initiated at a specific point
in time. This means that the time between wetting of the test zone and measurement of the
final signal can be chosen at will. The time period, however, is shorter than the drying time
30 ofblood in the capillary. Knowing or controlling the time of reaction improves accuracy of
the measurement. Further a signal can be measured beginning directly after wetting which

allows to monitor reaction kinetics. Evaluation of this early signals can be used to improve



sanpling device. In the depicted enbodinent the fluid receiving nmeans
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compartment and the interstitial fluid compartment.

It has to be understood that this concept which avoids to contact the fluid receiving means
20  with (contaminated) fluid received first in the channel can be applied to a number of device
designs and is not restricted to sampling devices having a skin piercing element. This

invokes a method of sampling fluid comprising the steps of

- introducing fluid into an introduction region of a support structure which has a channel
25  therein, said fluid filling an access region of the support structure which is accessible from
the surrounding and the channel having a discharge region located downstream the access

region

- contacting a fluid receiving means with fluid located in the access region to receive fluid

30  but not contacting it with fluid in the discharge region.



1. S

region. The intennediate portion of the channel therefore contains fluid

al nost uncontam nated and without ISF. Since fluid fromthis region is
transferred to the fluid receiving nmeans and therefore needs to be
accessible, this region is called the access 10 region. This concept of
transporti NP t0§PE5I0rom the capillary to the fluid recePGTEIMEYRS3 serves
to exclude disturbances of neasurenent by plasma or substances fromthe skin
surface. It goes by its own that contamsqnati on by substances fromthe skin
surface should be avoided i f possible in particular, when the amounts of
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regi on of alhsmtpanalrdveﬁbdsmmidsmuwltdccﬂmtfbMeapcnﬁmnduag. 25 therein, said fluid
filling an access region of the support structure which is accessible from

t he surroundi ng and the channel having a discharge region | ocated downstream

t he accessitHa@& B tonsideret aeht ifdea Jf'bﬁhgin%&fé%hpillﬂ? t&BRASst Wbt fslatkbd | ocat ed
in the access _region to receive fluid 30 but” nof contacting it with fluid

in thel@i spesibitorhsipigdhe tewi@one tsthe saEdoy P/ E=baoivsy theearier. - 15 But now back
to the enbodi ment shown in figure 1 where the support structure is a skin
piercing el enment. The contacting between the noveabl e portion (13) and the
sensor ( 45Figu0a811 stvevsseetoridenfiboglithent Where oéﬁtattiﬁeﬁwefeh ther fuid blmmdtaln& thwoveabl e

portion due to its shape in formof a tongue be bent mardly Based on
the very t B Te¢siViRE Heanyis apomnl ﬁw@ap%\fegb élu ISHRAKPS f5an Bredirgect i on
aUtO”Bt'Cabh%o&hkhﬁﬂéﬂ%n%&ﬁ&ﬁ@ekhﬁﬁﬂﬁkhb&%mﬁﬁg%@ﬁmnikmﬂmﬂi@ﬁﬁ(@?ﬂﬁ'enent i's
made from a ductile materi al le naterials are €

15  piercing the skin. A fluid channel (11) in form of a capillary channel stafts close to the
piercing tip (15) and extends into an intermediate section of the holder portion (14). The
fluid receiving means comprises a spacer (42) and a moveable carrier (43) fixed to the
spacer. The moveable carrier (43) at its underside holds a test zone (45) in form of a
reagent matrix for optical detection. When the capillary channel (11) is filled with sample

20  fluid the moveable carrier (43) is depressed and the test zone (45) contacts the filled
channel and takes up body fluid. The transparent carrier (43) now can be illuminated and

radiation reflected by the back side of the test zone (45) can be measured to obtain a signal.

Figure 2B shows the portion of the fluid channel (11) which contacts the sensor (45) in

25  more detail. As can be seen the channel has upstanding walls which protrude from the
upper surface of the skin piercing element (14). The upstanding walls (117) have pointed
edges. The function of these edges can better be seen in figure 2C which shows the
interaction between test zone and fluid pathway (11). The left drawing of figure 2C shows
the test zone (45) approaching the fluid pathway. The test zone (45) is located at the

30  underside of a carrier (40). The body fluid (25) residing in the fluid pathway (11) has a
depressed conus. This means that a slight contact between the test zone and the walls of the

fluid pathway may not be sufficient to contact the body fluid with the testing material. In



silicon and even ceram cs which do not brake upon bending. It has to be
considered, that instead of bringing the capillary to the test zone it is
also 10 possible to bring the test zone to the capillary by e. g. bending
the carrier. Figure 2 shows a second enbodi nent where contact between the

fluid chagpshoaresshhe fluid receiving nmeans is acconpidshed,iy.3; moveabl e
fluid receiving neans. As in the first enbodinent the skin piercing el enent

has a protruding portion (12) with a ﬁip (15) for 15 piercing the skin. A
fluid channel (11) in formof a capifl %Ty channel starts close to the
piercing tip g15) and extends into an _internediate section of the hol der
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zone (45) can be neasured to obtain a signal. Figure 2B shows the portion
of the fluid channel (11) which contacts the sensor (45) in 25 nore detail.
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the channel’ walls is achieved. Both aspects
hydrophobic coating (16) avoids sample fluid from creeping between the upper surface of

the skin piercing element (14) and the carrier or test zone. It is desired to transfer the
sample onto a dedicated area of the testing material so that the transferred amounts of
sample fluid are sufficient to wet the test zone in a way that an accurate measurement can

20 be achieved. Loosing sample fluid to other regions of the test zone or to the carrier could
mean that the testing material is not wetted sufficiently in the dedicated region and

measurement cannot not be conducted properly.

Figure 3B shows a further embodiment which avoids an unintentional creeping of sample
25 fluid. Similary to figure 2 this embodiment has upstanding channel walls which contact the
test zone or carrier. Due to this, fluid that creeps into spaces stops at the outer channel
walls and a loss of sample fluid is largely reduced. The channel walls, however, do not
need to be square shaped as depicted in figure 3B but they may also be pointed as shown in
figure 3C or 3D.
30
Figure 4 shows the concept of electrical triggering a contact of sample fluid with the test

zone. This general concept, however, is shown in figure 4 with respect to a skin piercing



5 inprove transfer of body fluid fromthe fluid pathway onto the test zone.
Figure 3 depicts four enbodi nents showi ng cuts through piercing el enents and
test zones. This will illustrate a technical problemwhich has to be
accounted for. In figure 3A an enbodinment is shown where a hydrophobic
coating (16Y0 HA§048®N applied on the body 10 piercing ePEMERIOHRE?He t he
fluid channel. As can be seen in figure 3A contact of the test zone with
the skin piercing el enent does not onlyj7oring the test zone and body fluid
into contact but during the contact capillary spaces are generated between

t he test Pﬁtﬁ't ﬁg;j,- i Lae: the
fluid pat ﬁ&v\gger(ot%g? %ﬁéflﬁgéalhg%(?ﬁ‘rrhﬁ ) %%?ﬁua yn{ re%@%gé'a%ﬁﬁaﬁggﬁ arity
whi ch t r ansliigh poteaig liearfpliad Hetwesi the sgmpla finki(26 handrtb camoér (46). Bhisynayn t he t est
zone but also i.pto th |l capilla aces WwWhich are generated. The

hydr ophobi @& eﬁ_ﬁf‘“ﬁ%ﬁ‘%&“&ﬁ@ﬁbﬁ%ﬁ%ﬂ&dﬂ?%‘ﬁ%@?%‘B‘ﬁioﬂﬁlaﬁé?‘iﬁﬁén t he upper
surface of movdhgens KT the Rhi@ief indreRtinTBMthe hkfihel Mot @sEANEHIRY ofdhe feSiSlongone. |t
is desired to transfer the sanple onto a dedicated area of the testing

materi al sty sapwie flwd cap hayiggereddn a ey thert Bime fremeplyduming o the eeaitiedli ci ent to
wet the te [ . i eved.
Loosi ng s&%’%?%ﬁp%sl%n'?g ot %Jr} rggﬁ%rﬁg&%%ﬁé%g%ﬂéégggﬁ%@aﬁgg%ﬁg gge(ré{r]i er
coul d nearont ixtls iea telddcting zovet (26) fat priosidingta lamget adowt bf flaid gt wattingithe he

dedi cated regi on_ an asurenent cannoi. not. be conducted properly. Figure
3B shows ate?t%PPﬁgmgl?ﬁfgﬁiWﬂMaW XoBlRLOYAe uni nt ent i onal creepi ng of
sanple 25 fluid. Simlary to figure 2 this enbodi nent has upstandi ng
channel walls which contact the test zone or carrier. Due to this, fluid

that ct®epbignigri® depigteprebursdsmbodineatsf cellectingaensk in mete|dstaings ean kgss of
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suppor'i5 structure having a channel. For fluid triggering

Figures 5A, B and C depict sampler designs for providing skin piercing element and test
zone in a spaced apart geometry that allows contacting of test zone with sample fluid in the
channel by actuation. The embodiment of figure SA is similar to Figure 1. The skin
piercing element comprises a frame which is connected to an inner portion (137) in which
20  runs the capillary channel (11). Inner portion and frame are connected by bendable
portions (51). After filling of the capillary channel the inner portion is torsioned against the
frame so that a portion of the capillary contacts the test zone beneath the carrier (43). By
bending around the bendable portions the inner portion contacts the test zone in an angled
manner. This has proven to be particularly advantageous since it provides a uniform

25  wetting of the test zone without inclusion of air bubbles.

Figure 5B shows an embodiment where the carrier (43) and its support are connected via
bendable portions (517) to a main portion (14 ") which comprises the capillary. Again
contact between capillary and test zone is accomplished in a tilted manner.

30
Figure SC shows an embodiment having an inner portion (13"") which is connected at two

ends to the frame portion (14""). When pressure is applied from the underside to the central



a high potential is applied between the sanple fluid (25) and the carrier
(40). This may cause either sanple fluid to nove fromthe channel onto the
test zone or may cause a novenent of the carrier in direction of the
channel. In both cases wetting of the test zone 5 by sanple fluid can be
triggered WO ¥EHH30short time frame by turning on the BFEEPHIYH2273
potential. As can be seen by transparent drawi ng of the carrier the channel
beneath the test zone leads into a caljgcting zone (26) for providing a

| arger amount of fluid for wetting the test zone than the thin capillary
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Figure 7 shows a skin piercing element having a first region () leading into the tip region
and a second region (b) of increased diameter. Picture A shows a status after skin has been
pierced and blood was taken into region (a) of the capillary channel. Due to lower
decreased capillarity of region (b) sample liquid fills region (a) but not region (b). When
20  the skin piercing element is contacted with a carrier (43) the open channel structure (a, b,
d) in some portion is closed at its top and capillarity is hence increased in this portion so
that collection region (b) is filled and a test zone on the underside of the carrier (43) gets
into contact with sample fluid. It is advantageous to have a circular detection area with

view to the geometry of optical elements.

A skin piercing element according to figure 7 may be used in following method:

- piercing skin |

- sampling body fluid into a portion of the capillary channel (region (a)).

- contacting the capillary channel in a collecting region (b) with a test zone and / or a
30 carrier so that region (b) fills with body fluid

- detecting changes of the test zone due to reaction with analyte from the body fluid.



WO 2005/ 054530 PCT/ EP2005/ 002273 -18- part of the inner portion (13") this
bends against the test zone beneath the carrier (43). By bow ng this inner
portion again an angled contacting is achieved. Figure 6 schematically
depicts an i nproved shape of the capillary channel. It has been 5 found that
the fill | &@pOYHIUId in the channel generally increa8€¥ERVHIBEEr easi ng
width of the capillary. The capillary of figure 6 has a first region (a)
which leads into the tip portion of tthe_skin piercing elenent. A second
region (b) of increased dianeter is for providing an increased sanple
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and enough sample for testing is provided by region (b). Region (d)

downst PearqoErpraisd ot yttachod tocthe senserny e ehanenl periaRge cont ani nated sanpl e
fluid or I1SF. 15 Figure 7 shows a skin piercing elenent having a first
region (a) leading into the tip region and a second region (b) of increased
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(region ( &epmetry) deposited on the sensor or channel portion by time-varying magnetic fields at

15  the location of the ring. This represents an alternative way to produce an actuation force for

triggered fluidic contact.

As shown in Figures 9 and 10, an optical index matching element 80 is employed for
coupling the test zone (sensor 45) of the fluid receiving means 82 to an optical detection
20  unit (not shown), and, at the same time, for exerting a mechanical force to bring the fluid

pathway 11 and the sensor 45 of the fluid receiving means 82 into a contacting state.

As outlined above, the glucose concentration is determined by a kinetic measurement of

the colour change in the sensor 45 upon wetting with a sufficiently large amount of blood
25  contained in the pathway or channel 11. A reflectometric measurement is performed by

illuminating the sensor 45 with incident light 84 of appropriate wavelengths and detection

of the reflected radiation 86.

The limited detection area on the sensor 45 imposes severe constraints on the mechanical
30 positioning tolerances of the wetted test zone with regard to the optical detection system.

Furthermore, if only a small detection area is available, inhomogeneities in the sensor

enzyme chemistry more severely influence the coefficient of variation for repeated glucose

measurements. Simultaneous optical detection of the triggered actuation between blood



- contacting the capillary channel in a collecting region (b) with a test
zone and / or a 30 carrier so that region (b) fills with body fluid -
detecting changes of the test zone due to reaction with analyte fromthe
body fluid. WO 2005/ 084530 PCT/ EP2005/ 002273 -19- Figure 8 shows a concept
wher e the cuAReNSH843ét ween t he sensor 45 and fl uid pat hwd¢TaiP2008M883Rel 11 can
be established by enpl oying nagnetic forces 70. A paramagnetic or
ferromagnetic material 72 is incorporatgd, deposited or attached to the
sensor, or to the channel portion 13. Alter natively, a current carrying

. ; : :
the - channelsascr &5 nAASTEL: ok eps AT EREBREEL by L EIER kbidE RET 74 Cor
per manent mehaeism adlthnoptidal detection bystensui t abl e means) t hus exerts an

actuation force 70 on the sensor (or channel portion or both), bringing
theminto fluidic contact. The force magnitude and thus the tinme-dependent
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or channel portion ne-vary nmagneti c cation of the
ring. Thi solnc&;peesmh‘satmn al ternatl ve way to produce an actuation force for
triggered fluidic contact. As shown in Figures 9 and 10, an optical index
mat ching el ement 80 is enployed for coupling the test zone (sensor 45) of

the fluid TRCGhYIMIG tHHRAE BAsibe ofEh aﬁs;m@%herﬁi@&?ﬁﬁkéar\mt@gnmpa&ﬁ&&ot shown) ,
and, at the sane tine, for exerting a nechanical force to bring the fluid
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[ rrposels5 severe constraints on the nmechani cal

The elastomeric optical element 80 has a refractive index closely matched to that of the

sensor 45. The element 80 is employed as an intermediate layer or slab between the sensor

45 and the optics of the detection unit. The element 80 may have a means 88 which allow

it to be used as a lever arm for the transduction of mechanical displacement for the

20  triggered actuation of the sensor 45 (see Figure 9). The sensor 45 on its one side abuts the

element 80, whereas the opposite site of the sensor is separated by means of spacers 90

form the channel 11, keeping free an air gap 92. Upon actuation, the fluid receiving means

82 is bend downwards and blood in the micro channel 11 underneath the sensor 42 is

transferred onto the sensor, and the kinetic colour change reaction takes place.

The aforesaid components thus:
- provide a means to actuate the element towards the channel 11 for triggered blood-
sensor contact;
- allow the simultaneous illumination of the sensor 45 and collection of reflected
30 light intensity;
- allow optical detection of a small sensor areas;

- reduce interference from Fresnel reflections at the sensor surface.



30 positioning tolerances of the wetted test zone with regard to the optical
detection system Furthernore, if only a small detection area is avail abl e,
i nhonogeneities in the sensor enzynme chemstry nore severely influence the
coefficient of variation for repeated glucose neasurenents. Sinultaneous
opti cal detMRRI0FPB4BI the triggered actuation between bl 86HENYYHEE)3084530
PCT/ EP2005/ 002273 -20- and sensor 45 necessitates that there no interference
between the triggering actuation nechanism and the optical detection
system An optical system consisting of appropriate light emtter and

recei ver and and optics such 5 as |lenses and/or optical fibres is enployed
for the reflectonmertric neasurenent. The anmount of light of a certain

wavel engt Mlteafalivaly.ed shovanint Riguselds an optBaljwaveguideifibrsassemllyy 9le gl ucose

concentration. .The. sor 45 typical.l onsj sts . of..an.enz chem stry m xed
Wt o 0B pPE Al RS Aot ilink SERRRLA ol A IR ESR 1 ghe.
deposi t ed 208 céllepiefiedsDIhe hid the Ava@Eguid/fibre 82 sithdlian¥kisly @ffel fedsgiadei cal
transm ssion properties. The irradiati nat{l};ﬁht 84 is diffusely scattered by

the pafti éhedepent Sfandhkercythesaseyssepe g athaay pyehasaeldy Ehvymat i ¢
reactions jith u}abégﬁgieﬁiw&% Snay HSitePy M@&e%nseﬁi%ﬁl@%dek %Rch%% gf} 15

reduced by i1 ncrease absorptron wth 1 ncreasing glucose concentra

The el ast chmndantis ppividsd|byelspeeial c®@fngas a refractive i ndex closely matched to
that of the sensor 45. The elenent 80 is enployed as an internediate | ayer
or slab between the sensor 45 and the optics of the detection unit. The

el ement 80rheRpiitadwavéuliRAbTe $8ndIB DS ik médhaiicallyt achAtdasbyumelnator | ever arm for
t he transduction of nechanical displacenment for the 20 triggered actuation

of t heUsedaeshaysm (aaatoriog gtleer dyive b 0f a meghanasm Ganslating dheemigresemalsit s t he
el emrent 8 t | ' : I S; .ated by neans of
spacers 98“0‘2‘@%?%1& 5 dc?ﬁ%%ﬁel ﬁﬁhggggﬁagégva\%%gg% §%§ i¥he;1§%%§g§1§%pon act uati on,
t he fl ui d elasteievc nmptarah B iraBdatesthb eredhahicsh dapldsenamd obthe ogdti¢ah fibleeor witer o
channel 11 underneath the sensqr 42 i ransferred onto. th nsor, and the
et o conepil ot SeRyaf et 5 ahbBSuRihgss Piialor forifd
triggered actuation/contact between the sensor 45 and the adjacent portion of the blood-
15  filled micro fluidic channel 11.

The bundle 94 of small diameter fibres 96 is furthermore used to address small regions on
the sensor 45, since the cone of acceptance of light for each single fibre 96 in the bundle is
limited by its numerical aperture. A densely packed bundle of fibres thus serves to sample
20  discrete small regions on fhe sensor. A few of the fibres may actually sample parts of the
wetted detection area on the sensor, while other fibres sample the non-wetted parts. The
bundle of fibres may be coupled to a detector array or CCD for individual readout of the
fibres, thus generating an image of the detection area. Individual sampling of the fibres
enables the detection in a small sensor area, while mechanical positioning tolerances are

25  largely relaxed.

Each single fibre may either be addressed for illumination of the sensor, or for collection of

the diffuse reflected light, or for simultaneous illumination and collection if an appropriate

beam splitter is used. A randomized distribution of the fibres in the bundle is desirable to
30  provide homogeneous illumination of the sensor and complete detection coverage of the

sensor surface.



The aforesaid conponents thus: - provide a neans to actuate the el ement

towards the channel | 1 for triggered blood- sensor contact; - allow the
simul taneous illum nation of the sensor 45 and collection of reflected 30
light intensity; - allow optical detection of a small sensor areas; - reduce

i nterferendO t0§A¥Sesnel reflections at the sensor sur P&EEP2MAFHNPRT5/ 084530
PCT/ EP2005/ 002273 -21 Alternatively, as shown in Figure 10, an optical
wavegui de/ fibre assenbly 94 in conjungkion with the internediate matching

element 80 is used to illumnate the sensor 45 and collect reflected |ight,
while thewa wghu\%%féx%?l%rﬁbm ﬂaae%@hﬂg ROIC¥ Shelcdn HeiREANS oée& he el ement
80 and hence t he sensor 45 agai nst the

uid gathmay or channel The
optical wasmbuy¢bihebllehage mhag sestign 1 @G andya disthargesectinn wérbgm:hms off f the

wavegui derPiare G Db @bt GERe el RE bhs BOR Al eabifeRon T

mechani s mlc(alallainytfﬁst at B tiptregion clgn VHFmgaIn alldkvs ;foxftﬁsﬂha;@e %ﬁ’b(})ﬁt&ﬁﬁia&ﬂlsglg})l? hg ,.

m crosanpl er vement. Jnto a displacenent_o tica gui de/fibre
The | noer il ASY, BIcABINE AP eV R EBRISHOI it SIGLLOTHE! Yrdeh P Balion
d|5p|ace”%@HwQﬁu&hﬁsﬁ&kb&ﬁ&ﬂﬁd@k%aﬂﬂmﬂ&%?Hmdﬁ%&h@&hﬁﬁkQQ§Bﬂﬁ&ﬂhmﬂﬂkeCt|y to
the sensor 45, thereby serving a nmedi ator for the triggered

act uat i on/cepiBariy tof thetinletesective l@ﬁametlw re.gs)n;gf thetthenchitigad&nin qderttd mereske t he

0 001 4L iR AL SANE et b Ty YRHS B0 s B 4y 2L

s sha egrons on seénsor 45,
since the @pfmmtolamﬁ@bﬁraaenoﬂﬂatg{etenﬂefﬂeaiﬁ;sl&hagagéoaoﬁl bre 96 in the bundle
is limted by its nunerical aperture. A densely packed bundle of fibres

t hus rves to sanple 20 discrete snmall regions on the sensor. A few of the
fibres mawl qtzl&%h*cbé 2 3¥oRirRaH: iPwhich HRRliscHBst S&bidR T ESkdHABd & &ﬁnﬁ?ﬁe the

sensor, e other fibres sanple the non-wetted parts. The bundle of
fibres naywab@ regmpﬂ bandoa resetwoie cegion blitrupgtream bevasisreginni Biedamplingardout  of

J'[sgrerpl T :,]gr g?fg?thsgc onglr%ggsr r%tl ﬂ%d%mhga 38 uptgl];e }ghgge &iueettg i O%e%%gr%hg.l(?nqgf \1/1’{ t%g al
contact phase where the sensor 118 is brought into contact with the sampling section 100
15  and closes this region as a lid, the capillarity is increased and blood is sucked out of the
reservoir region 116 into the sampling section 100. Thus it is necessary that the volume of
the discharge section is sufficiently large in order to be able to fill the sampling section 100

and additionally to take up the waste fluid.

20  Asshown in Fig. 13, in order to accelerate the filling of the sampling section, multiple
discharge sections 102 can be employed. Different intersecting configurations 120 can be

used in order to direct the fluid under capillary action (Fig. 14).



enabl es the detection in a small sensor area, while nechanical positioning
tol erances are 25 largely relaxed. Each single fibre may either be
addressed for illum nation of the sensor, or for collection of the diffuse
reflected light, or for sinmultaneous illum nation and collection if an
approprirate beamsplitter is used. A random zed distribution of the fibres
in tthe bundle is desirable to 30 provi de honbgeneous illum nation of the
sensor and conpl ete detection coverage of the sensor surface. WO

2005/ 084530 PCP/ EP2005/ 002273 -22- Fig..,341 shows an exanple for a body fluid
sanpling device wherein the laterally open capillary channel 11 has a

sanpl i ng seq?hﬁ&sloo and a di scharge section 102 branching off upstreamthe
sanpling section for taking up a fraction of the body fluid entering the
capillary first at the tip region 104. This again allows for discharge of
contaninated&sangie.S f|UiqP?ﬁ>|SF ..as_expl ai ned above in connection to Fig.
6. In order to rdCacyEreRRPnE oy QBACPREASE the fluid, it is necessary that
tEe CaIOi Ilarity of giessﬂfﬁamﬁﬁuaﬁcltli)mir?b%dg&ghj ghiﬁrm hhmghia,ewh@aigiat leagti ty of
the inlet, section 1 in.the regiopn of t anching.108. In qrder to

i ncrease > t he capiIIa?P?%Pn?@ﬁ?éﬂ%ﬁ&ﬁﬂﬂ?gQEQ@@PSNS¥6%“Wg9ﬂ5%wﬁ?ﬁ%§dm8@ alid
110. In this case, I ttwlthe envirtp@héaid t o | eave open a vent 112 at the end of

t he di scharge section. _1Q Fig, 12 depicts an enbodi nent in_which the

di scharge section is aeslwgﬁ%feg{%n%ﬁ@w Ef‘éngase%@kyewwgiaw frqm Salﬂd“iuad
reservoir region 116 Iiumbd 21 dolat VS faid ROaRpathhi bt BOf1RIc dofapet
section 100 is not fi Jedygﬁ?%ng_agaﬁétake phg?e dgéﬁ?o the w de opeﬁ?ng.
Only in the contact Yhixthe fiydbreeeivingmes 4D in thg first separigghtate.nt o contact with
the sanplg ng section $08edc Kl LALRASLS uhildrgo & FB/sRA Afingd dpofl acthftonGaRL | I arity
is increased and blood is sucked out of the Treéeservoir region 116 into the
sanpl i ng section 100.toBwysnejasepand seriesting siptetin shich gdlujdinseg fiyd pathwaydi schar ge
section is sufficient ¥ . to fill the sanpling
section 100 and addi@?%%a %S?%fﬁg e&ﬁ%ﬂ%ﬁgmégi e fluid. 20 As shown in
Fig. 13, in order to weweheriddeviethavingajmqygatd¢ parrien ddnphichgaskempod,

mul tiple discharge saalhRas o HoAichaRReARHRLAKES(1Pb Ak Bk ELaeCt T N

configurations 120 can ]
15 (40) is located on said moveable portion (13) to assume the contacting state.

2. Device for sampling body fluid comprising

a fluid pathway (11) for receiving body fluid in a first state, wherein at least
a portion of said fluid pathway (11) along its longitudinal extension is open
20 to the environment and
- a fluid receiving means (40) being separately spaced apart from said fluid
pathway (1 1)'by an air gap (92) so that body fluid in said pathway (11) is
out of fluidic contact with the fluid receiving means (40) in the first
separated state,
25 - the device being adapted to undergo a physical change upon actuation so as
to assume a second contacting state in which a fluid in said fluid pathway

(11) contacts said fluid receiving means (40),

- wherein body fluid received in said fluid pathway (11) is moved by

electrical actuation onto the fluid receiving means (40).



used in order to direct the fluid under capillary action (Fig. 14). -23-
Clain 1. Device for sanpling body fluid conprising - a fluid pathway (11)
for receiving body fluid in a first state, wherein at least 5 a portion of
said fluid pathway (11) along its longitudinal extension is open to the
environment and - a fluid receiving neans (40) being separately spaced apart
fromsaid fluid pathway (11) so that body fluid in said pathway (11) is out
of fluidic contact wth the fluid receiving neans (40) in the first
separated state, 10 - the device being -#84pted to undergo a physical change
upon actuation so as to assune a second contacting state in which a fluid
in said fluig pathagee acéotdihg GPIMIRCE 6t 25 Rirfler dokhbBsin @£ QLY bRRLiNEARRed460), -
wherei n said device having a noveabl e portion (13) which can be noved and
at |east a porti dwviag saidiflbidnathivey fblphway (11) or fluid receiving neans 15
(40) is located on said npveable portion (13) to assune the contacting
state. 2. Dévi cd9vine aseprding frlaiwdyori2 whereip dredhiid feaejviag fegha48hedwmiiisey 11)

for receiving body.lL, 'ed(4'Fjj| a first state, wherein at least a portion of
said fluid pat hway (1% al'ong its longitudinal extension is open 20 to the
envi ronmeat and i bV AL BB % apart
from sai dﬁf I %i d q%é;‘édﬁ\/?/g@&ﬁ%o %@ﬁéﬁ?@mgap l?ggé)cgggiﬁg%? 42%% ; ul %gi n said
pathway (11) is fou theffluid paittdvay (EDrbyacrirgep @2 he fl ui d receivi ng neans (40)
inthe first separated state, 25 - the device being adapted to undergo a
physi cal chafge Upyireaetarding trrlaim 2 5, wherein sherpir @pégﬁw@a@@meé@b’im@wt ate in
which a fluid in@@id fluid pathway (11) contacts said fluid receiving
means (40), wherein body fluid received in said fluid pathway (11) is noved

by electri C'?:l a%%iag&raﬂé ) atnp%né Biutilgmg §Q§(§,‘<}@H@&hp§a@§dﬁ 61@)cing element
10 (10) has a fluid transfer region and at least a portion of said fluid pathway (11) in

said fluid transfer region has pointed walls (11").



T

23a- Device according to claim1 or 2, further conprising a skin piercing

el emrent (10) having said fluid pathway (11). 4. Device according to claim]l
or 2, wherein the fluid receiving neans (40) conprises a test zone (45). 5
5. Device according to claim1, wherein the fluid receiving neans (40) is
separated W@aWPORE3X | uid pathway (11) by an air gap (92LTEP2DNI2LZE
according to claim2 or 5, wherein theXair gap (92) is maintained by spacers
(90). 7. Device according to any one of clains 3 to 6, wherein said skin
piercing element 10 (10) has a fluid transfer region and at | east a portion
of said fluid pat.hwa ). in. id fluid transfer. regio as pointed walls
(11'). \/\o82005556§‘ﬁ%§%°’|§961i#‘€r5%6‘6‘55ﬁ %Sa‘dzﬁ“@.re%&}?%‘é‘%%géﬁh‘i S &) ai m 7,
wherein said fhaybﬁma@@émhmnﬁe@epreésé@brww}wsﬁa irfed Wa¥QM 1§t ructure that
can be depressed or cut by said pointed walls (1 P). 9. Device according to
any one of clainms 1 to 8, wherein body fluid received in said 5 fluid

pat hway (Ll) i r i kool s ej.vi ng neans
(30, 10, “pbvi SSVRE EsoRlingloial onE B (B bl WG dgnhd KeblvE R 12, T

pi erci ig el enerivid patt@yayl{dl) iamowed by tlhectricd anmati@6)nto thevthiid kecafysteanetinng

el ements (26') aﬂe | ocated. 10 11. Device according to any one of clains 1
to 10, mherein( e fluid pathway (11) or the fluid receiving neans (40)
have confining neans for confining the area of fluid transfer fromthe
fluid pathway (11) onto_the fluid receiving neans (40). 15 12. Device

accor di ng 0o aﬁaﬁvxﬁﬁéw@fdlegmwope%clms m%r,é\ihﬁr%ra skingnireipgelpmept (11) has
protrudi ng wal | i f: : adj L y (11) is
recessed mﬁth(yggggégngg t éﬁﬁ§%$Pﬁgﬁﬁgﬂ§§%ﬁ&%%ggg%ﬂ§ﬁiqgggﬂge#%%aaccording
to anyllone of clains 1 to 12, wherein a surface adjacent to the

11.  Device according to any one of claims 1 to 10, wherein the fluid pathway (11) or
the fluid receiving means (40) have confining means for confining the area of fluid

transfer from the fluid pathway (11) onto the fluid receiving means (40).

15 12.  Device according to any one of claims 1 to 11, wherein said fluid pathway (11) has
protruding wall portions and a surface adjacent to the fluid pathway (11) is recessed

with respect to the protruding wall portions.

13.  Device according to any one of claims 1 to 12, wherein a surface adjacent to the
20 fluid pathway (11) is hydrophobic.

14.  Device according to any one of claims 1 to 13, wherein said fluid receiving means
(40) comprises a test zone (45) and at least one of a reaction zone, a filtration zone

and a mixing zone.

25
15.  Device according to claim 1, wherein said skin-piercing element has two or more
fluid pathway (11)s.
16.  Device according to any one of claims 1 to 15, wherein said fluid pathway (11) ina
30 first region (a) has a first width and in another region (c) has a second width which

is smaller than the first width.



20 fluid pathway (11) is hydrophobic. 14. Device according to any one of
clains 1 to 13, wherein said fluid receiving neans (40) conprises a test
zone (45) and at |east one of a reaction zone, a filtration zone and a

m xi ng zone. 25 15. Device according to claim1l1, wherein said skin-piercing
el ement has two or nore fluid pathway (11)s. 16. Device according to any
one of claims 1 to 15, wherein said flugid pathway (11) in a 30 first region
(a) has a first width and in another région (c) has a second width which is
smal l er than the first width., -25- 17. vj ce. accor dj t 0, an e of clains
1 to 16, l\?/ner Héﬁwgﬁi"ﬁ’r‘?lpﬁF‘ﬂ“ﬁ’a"t”r‘?\ﬁﬁﬁfgt"isl&‘)f1L§r PheEFinsg ﬁgggthg‘va&éf ecting zone
(b). 18. Devi gaiRseahprifg alollsigoh 8f. claims 3 to 17, wherein said test
zone (45) is 5 located in or con%acted with an internediate portion of the
fluid pathway (11) so that the fluid portion entering the pathway first is

not contagtedw th test z0 5) .1 19, vice accqrdi Q. any of the
pr ecedi ng%'cl aiﬁr%%l,cea Cg)f%lbg%q He q’}\%&f%%%%&)ﬂgv, ?ﬁerfiﬁ sa%teqazgné;@lss ﬁspl'i ng section
(100) 5and at lcasd imﬁﬁcdiitﬁﬁaaviﬂewﬁfénhaﬂaté%@&bn|oﬁm%tmﬂd palbwag(19am t he
sanpling section (100) and/or branching off upstreamthe sanpling section
(100) for recéaythediuid porsien eeisring thepathyan first s nog caedded with thede#0RGay (11)
first, and Wh?‘ilﬁl n the sanpling section (100) is a test zone (45) or can be
contacted with’'a test zone (45) for analysis of body fluid contained

t herein.

19.  Device according to any of the preceding claims, wherein the fluid pathway (11}
10 has a sampling section (100) and at least one discharge section (102) located
downstream the sampling section (100) and/or branching off upstream the sampling
section (100) for receiving a fraction of the body fluid entering the pathway (11)
first, and wherein the sampling section (100) is a test zone (45) or can be contacted

with a test zone (45) for analysis of body fluid contained therein.





