0 8 OCT 2004 System for renoving body fluid The present invention concerns
a systemfor withdrawing body fluid froma part of the body, espegiiahlgy
the finger pad. Body fluids are primarily withdrawn for a subsequent
analysis in order to diagnose diseases or to nonitor the netabolic state

of a patient. Such a withdrawal is carried out especially by diabetics in
order to determ ne the blood sugar concentration. The aimof such a

bl ood- sugar check that is usually carried out several tines daily is to
avoi d hypogl ycaem c states as well as hyperglycaem c states. In the case
of a hypoglycaem a the patient can fall into a coma and even die since the
brain is no | onger adequately supplied with glucose. In contrast
hyper gl ycaem ¢ states can lead to |long-term side-effects such as blindness,
gangrenes and such |ike. Consequently a frequent nonitoring of the bl ood
sugar | evel Syiseenaforuadiosipgtbedy flnecessity. It is therefore obvious that there
is an urgent need for sanpling systens which are easy to operate by the

user and arg _above all largely free of pain, Al ready blo sanpl i ng systens
have been kﬁ%\ﬁrefetﬂi uSs O’Pi%ﬂ’éé/eirw?Wéteﬁ’rfgb?”‘tgijﬁam%aﬁﬂ?’ 133@“1 mBapat i ent or

hospi tal stikboldp, epaciailyabi fiseepiph BoyahidshrapSinaBlevitiBagfor A devi ce
suitable for,this is for .exaﬁq%l e the commercially available Softclix whose

manner of opRFEIeBhATASHAR OFiHde diagness dseasegoriganonitersthaaviabelipsiairi des an

adj ust ment cﬁf&a}fﬁieﬁﬂﬁutmﬁlwﬁ%ﬂ&fwa‘lﬁc\ﬁme‘afblﬁeip%ﬁﬁﬂ?ﬂféiai)&ﬁ@ﬁﬁ etpjo the
ti ssue. Hence the lf)ezi;tllge t can select the m ni fum puncture depth which

enabl es a jUSTRGFE suggtisenaertyatsm. Bheain pbsush adibead-sugdr ¢heck that
subsequent @RahYTyicarrAAbut B E8fs UG, is kPRI ng&%%‘cgeﬁﬁrs%tés%WWeﬁ‘fag er the
by ., he as to

pati ent has prodquced. a skin opening piercin _ massage or
press his fIRGEAYGRAM SRIEs- {0 thircass efertypogleerem degatientroan fidl inpuact ur e wound

espect al 1y i i sTBlch RUAGLARELASPLIS 1oTIU SAORSIA L AIUNL AR ol Socd eduently

referred to as "m | king" by diabetics ca vorded' when

t he punct ur@ntrasiiypygraisepmiritptecrndesddn tinggeym wivsh affastantchabliniaespat i ent
and can | eadof R PLLAGREN I Ng on the sensitive finger tips. Devices known
inthe prior art attenpt to stinulate the outflow of blood by applying a

vacuum but this has proven o
Consequently a frequent monitoring of the blood sugar level is an undisputed

necessity. It is therefore obvious that there is an urgent need for sampling systems

which are easy to operate by the user and are above all largely free of pain.

Already blood sampling systems have been known for some time in the prior art
which allow the patient or hospital staff to carry out a withdrawal in a simple
manner. A device suitable for this is for example the commercially available Softclix
whose manner of operation is described in US 5,318,584. This device provides an
adjustment means for the depth to which a lancet is inserted into the tissue. Hence
the patient can select the minimum puncture depth which enables a just sufficient
quantity of blood to be obtained for a subsequent analysis and thus keep the
incision pain very low. After the patient has produced a skin opening by piercing, he
has to massage or press his finger in order to draw sufficient blood from the
puncture wound especially with small puncture depths. This operation which is
frequently referred to as "milking" by diabetics can hitherto only be avoided when
the puncture is very deep and correspondingly unpleasant for the patient and can
lead to major scarring on the sensitive finger tips. Devices known in the prior art
attempt to stimulate the outflow of blood by applying a vacuum but this has proven

to be less efficient.
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to be less efficient. 0 8 OCT 2004 2 Devices are also known in the prior
art in which a so-called stinulator with a ring depresses the skﬂmg§me@ce
surroundlng an incision site. Such a device for obtaining interstitia
liquid is described for exanple in US 5,582,184. The ring used to depress
the skin surface is made of a rigid material . Only small amounts of fluid
can be obtained with the device that »-are not adequate for commerci al

anal ytical systens. Another device is known fromUS 5,857,983 in which a
syringe is inserted into the skin surface and the skin surface surroundi ng

the site of .incisio dIy depr ng a so-called stinmulator

in order toDE)‘P%eé?eo%ﬁﬂ/ﬁ'f‘?‘t’fF ﬁﬁj&ofﬁé‘%pglcadéo Ca‘.? glrpRatonpeiet idht i oned

docunent a ddpgés@esrth@guh§uﬂ§&4uixﬂuﬁ&ﬁhgaﬁ%i@m@@n L. 960 £88i &6 obikinfhesur f ace.

The amount s of bodg fluid that can bée obtained with this device are snall
q

and thus i naagi Baedns devked fosmamplam Vb oS8R, 1§f§/§lfhérrsng BEdaideparspl i ng
devi ces ar enakig sHF8&S ik hedeloPa iR Hg§eﬂﬁt &nt s%qa?l%g%g s WGl gppLate wth a

stinmulator |like the above-nenti S pat Ition a device is
descri bed mbt@mgqhweté thsd@‘ocqrhaianewmaﬁ@quﬁefmceJalroﬁctahmadlﬁmk:@sttmx is used
to press against a body surface is provided with |evers (104) which

laterally pﬁﬁ@tﬁgﬁd}&%&ﬂn@vﬁﬂ@?U?% b N6 LAV Eﬁ%ls 43?5 edtteagnt osthQr essed

agai nst the bo face evi ces ~ descri aten are
particul ar $kin anbteeandthaskirnun e nJgICbmdwgftlhclmdcsoifmomnnmﬂsgcateilyes than t he

finger pad g%j! h t of body
fluid onto(% lI]ess mstnlgﬁp?%gagle?gﬁ}éc ? (Eervlég(g%g tg %ssa%e%féﬁlgsstggg 8f "Efie devi ce.
A devi ce i sliknthwrebbyemenhienedbdomvendnt WSgR] 161%1,3912&1 inrthiskieeiae &0 ddpnegethe s
clanped be I n r_.an finger. support. The
fi nger supp%ﬂ{&lrgcg%evygg(g m?mot uvgst% r%f’é’r tg)t?lgguﬁ%hidﬂ evr’f‘é s¥8gi ng

proxi nmal tmrmd}ﬂsmdrthu&mde@atteforEomventmumlmmlhdcrahmienﬁhe user's finger is
pressed agai nst a erxibIe cap in which needles and a fluid channel are

S s anar B 3@9 {gs %‘Qla?sodq% fcﬁl%? d #“ntht Efstp L) gtsé%? %lg %hﬁ%‘ pegﬁf)por t is
moved.  Thiwith esuuinuiatmnilkd‘the Erlmmerraentxomﬂed {1$epanaedinesdditiont hdeviderger whi ch
usual Iy |eagds H0.4 i, figures 15 to 17 in which the area of the device that is used to press

against a body surface is provided with levers (104) which laterally press together a

part of the body while the device is pressed against the body surface. The devices

described in this patent are in particular intended for withdrawing body fluids from

other sites than the finger pad. In addition the document shows that the transport of

body fluid onto the skin surface is achieved by repeated pressing of the device.

A device is known from the document US 3,626,929 in which a finger is clamped

) before blood withdrawal between a lever and a finger support. The finger support is
moved by a motor in order to result in a massaging proximal to the incision site. For
the withdrawal the user's finger is pressed against a flexible cap in which needles and
a fluid channel are located. A disadvantage of this device is that the needles for the
withdrawal remain in the body and that in this state the finger support is moved.
This results in the movement of the needles in the finger which usually leads to
considerable pain. In addition it is extremely unjikely that blood will emerge while
there is a needle in the finger since the channel is closed by the needle. A collecting
container is shown in figures 11 and 12 which has a flexible pressure-application
region. However, due to the shape of the pressure-application region which widens
conically towards the finger there is no conversion of a primary pressure-appli cation

movement into a lateral movement which squeezes the sampling region together.



]

considerable pain. In addition it is extrenely unlikely that blood gl({T 72004
energe while there is a needle in the finger since the channel is closed
by the needle. A collecting container is shown in figures 11 and 12 which
has a fl exi ble pressure-application region. However, due to the shape of
t he pressure-application region which widens conically towards the finger
there is no conversion of a primary pressure-appli cation novenent into a
| at eral novenent which squeezes the sanpling region together. 0 8 OCT 2004
3 The object of the present invention was to provide a systemfor
Wi t hdraw n ody fl.uid which, using small puncture depths, yields an
adequat e a%ﬁ%‘{%gﬁt Oégéffrﬁeﬂi‘ grveniigp Y)i%t‘rtPiFEElYlg? a st forArithslievigdeal  obj ect
of the | nveiiiomitgssing shiaf el 3%h:e el athh le Gt Qﬁom%f!bxdgﬂ&iﬁ?t ed and
inmplicity in this sense neans in particular

has a sinple coner tltgn. 6 . ] ( .

that the nuf&F Hﬁ%? iy datangbolisct o tharayentips wsds phivede 2sykient her

obj ect of tyRichR¥EBE RNy beraltdRARLLENLAHIE Gl TR X% L | from
t he finger palé and in d}(;i ?16 so take inlt(? a@cﬁg%%{'ﬁ@élgﬁlﬁlﬁgg{n@?zes and
di fferent PaHELAPartgiasdhaiihe membernfoperatipg s€pnisagsmall hypaskiblepr esent

i nvention concerns a systemfor withdraw ng body fluid froma part of the

body in parj ingiih&obfect bmgﬁnﬁﬁﬂoﬁﬁq}?g%ﬁjcﬂﬂrrt@%njpﬁ)ilf)lB%QQIitgld?a%mr%in - a
conpressi on_unit agai nst which part the body ‘is pressed In a primry
di recti on ahd fingenpagang ip daingrse dakehetoasphingdiffirestsinger iinsend diffvertent in  a

secondary di (86t QRedW ] gnggfnent perpendicular to the primary
direction S%ch tﬁatest eth]llezitngrn " pressure is increased in a region of the

body part, - a perforation device, in particular a lancet or needle to
produce a HeeRsedepihithgpiesenthrveation cafcetiva systemdas withinvwengladdyfhedsur e,
wher ei n t her GOS8 Sf 18P HHA r e L caf j ion made of a
def or mabl e rrmt ergrjpigaal ) #th@n@e%‘?? Cou?;ar%dﬁsg[% %J]é)ar]da([aq%gﬂ’ %Isﬁlzéﬁ]gg%ﬁ%qg SELH Por
stinmulating the outflow of body fluid froma body part, a process for
stinul ating outfd @Wpesshynit pgznt whithpapraf¢kskody is pressed in a primary

direction and partially converts the applied pressure into a movement in
a secondary direction with a component perpendicular to the primary
direction such that the internal pressure is increased in a region of the body

part,

- a perforation device, in particular a lancet or needle to produce a body

opening in the area of the increased internal pressure,

wherein the compression unit has a pressure-application region made of

a deformable material.

The invention additionally includes a system for stimulating the outflow of body
fluid from a body part, a process for stimulating outfiow of body fluid and a process

for withdrawing body fluid.

Use of the compression unit according to the invention enables the above-
mentioned milking movement to be simulated in a simple and convenient manner
for the user in order to squeeze out blood from the incision site. The compression
unit not only yields larger quantities of body fluid than is the case with the
compression devices of the prior art but the compression and withdrawal process is
also considerably more pleasant for the patient. This is due to the fact that the

compression unit fits snugly around the body part, in particular a finger. A further



for withdrawi ng body fluid. Use of the conpression unit accordi nﬁgﬂjto t he

i nvention enabl es the above- nentioned mil ki ng novenent to be silhillak eggyin
a sinple and conveni ent manner for the user in order to squeeze out bl ood
fromthe incision site. The conpression unit not only yields |arger
gquantities of body fluid than is the case wth the conpression devices of
the prior art but the conpression and4vm'thdrawal process is also

consi derably nore pleasant for the patiient. This! is due to the fact that
the conpression unit fits snugly around the body part, in particular a
finger. A further 0 8 OCT 2004 4 contributing factor is that the

conpr essi orroptiibutegdbitesis b duaten puessndn tniesnabiestdelynatd quanditieoofimdebt ai ned
even with ver r hs. AN additional very inportant advantage
of the pr esfg{ll t?ﬁgéﬂﬁa?’%ﬁ%i%sjn‘t%ﬁ}g?gr&sfléna@#jugcmé%‘éﬁ?} Ssion unit with a
pressure-application regi on nade of deformable material enables body fluid
to be w t hdkrawddivibndl vetyempontpnesbionguof the braeattiodntipars thaofise ofar i ous shape
in a reliable and. pl easant manner. | articular jit ily.and reliably
enabl es. i R FERPRD AGERaRG era e urion Hade of ARSI e e

def or mabl e enableebody flddnpbasiahéswnokitlliHd @hgnreg®niunit fhenPed ﬁaﬂﬁ of he
pressed body part. (finger, tip,versus side of the finger). .system
accor di ng t‘y”BH%Shai?\‘?éIh?f%lﬁblééﬁdBgﬁaﬁ?éléwaﬁ&ﬁ'"E:B?%‘FF]W H&0% taégéglﬁi’%y to

obt ai n capidnkibleywithaashaf from fidyersfdfdgeheades. IR o @8l flbh kQNddfbrrhabl@l so possi bl e

to withdraw blood or interstitial flujd fromother body parts such as the
arm An esdBHETE| COSIRSHEANES fléT é‘tﬁfﬁfémé%ﬂé]?ﬁ shape ﬁ@%é@ﬁﬁﬁﬁe@stéqd(}’ri’aﬁrﬁﬁpg%i ch

results inttFJmQIQQQwEQQ@ﬁetﬁﬁ:g@})ng squeezed together not only in the direction
of the primary applied pressure but also results in the applied pressure

being at |legst partially diverted such .that a squeezing occurs wth
conmponents Of° ¥ %F@é*cf‘?rgﬁ?\f@ fRsiny ‘E}“foﬁ’ecaﬂrlﬁeh‘éﬂ/PaTHFﬂé&?E pdfntageously to

pr essur e- apfhdif @hpillary biSodafr6a3M fingdd 9ad Gaiaanith it #a1sh9dysinatd with@mawhi ch
the w thdretﬁval is to ta ggﬁlsface IS Ergssed toget her laterally. The node of
action of XPREORMELH IR R Sef BRI e aE g4 ®d | ater on: the basis
of the enbodi nents.

An essential element of the system is the compression unit which results in the body

part being squeezed together not only in the direction of the primary applied

pressure but also results in the applied pressure being at least partially diverted such

that a squeezing occurs with components of force transverse to the primary

direction of pressure-application. As a result the region of the body part from which

the withdrawal is to take place is pressed together laterally. The mode of action of

this advantageous compression is elucidated later on the basis of the emnbodiments.

The compression unit produces an increase of the internal pressure in a region of

i the body part. This region of increased internal pressure is the region on which this
applied pressure acts, is adjacent thereto or is surrounded by the region of applied
pressure. A perforation device can now be used to perforate the region of increased

internal pressure and remove body fluid.

The compression unit comprises a pressure-application region made of deformable
material. On the one hand such a material makes the withdrawal process more
pleasant for the user and, on the other hand, it also enables an easier adaptation to
the various shapes and sizes of the body parts. Deformable plastics such as
elastomers, rubbers and such like can for example be used as materials for the
pressure-application region. The pressure-application region is preferably ring-

shaped. This represents a technically significant difference to the device described in



The conpression unit produces an increase of the internal pressure '31
region of the body part. This region of increased internal pressug% LE2Whe
region on which this applied pressure acts, is adjacent thereto or is
surrounded by the region of applied pressure. A perforation device can now
be used to perforate the region of increased internal pressure and renove

body fluid. The conpression unit conprises a pressure-application region
made of deformable material. On the c?ne hand such a material nakes the

wi t hdrawal process nore pleasant for the user and, on the other hand, it
al so enabl es an easier adaptation to the various shapes and sizes of the
body parts ﬁ@etb}ﬁmdl@f[ﬂ&“sﬁle@3shctﬂueaiswced>fabt prier &t an abbeganenadf such 1i ke

can for as’éBLx%t«%%%véﬁ%?ﬂq ASisPRL AR RIS rpr?srs t(%%ﬁ'ter Bleby Sd%#rﬁ 738 ep'rhff%t Lgn region.

The pressurezapplication region Is his represents
a technical lhtymbﬂtrgnf dﬁaad‘aanttagés fﬁfseznendteofttbe ﬂhandeb'atweexdtéaséwebadns, thed 8 OCT

2004 5 flg%rgsﬂ%S e g{sg “IE ﬁl 3. % he ev ge ¢ of Q) prjo art an

ar r angenent {2 53 ?)5?15 é e TR d%% 58 T%&%%&W%FBP $'S ?oget her the
body sur f acleetwddri the heagr armsn Budeer mafre d1 Shadasntcagake sl@ﬁ can gastick of the

di st ance bet ween | ever the |ateral u i ng, ,of the.skiin surface
L B orl St e b ey EHEns BhIE hel ost IRe e BT BRP D Tretrd dipihe

Fur t her nor eddvﬁtetdﬁehe@ﬁ&talp@senméireleskmea ftugstile ﬁ;trlﬂieﬂin weehodpe | ever

arnms while thgﬁ%nnve t oget her, Fina it should e not tha t he device

of the pri ot rgfesqt é’aﬂgﬁ%@ﬁa%&a@ﬁséﬁlﬁéﬁ\f@wwm mtenfdi {9 Hef ém@y to

body surf ag&s fﬁfld Yx%!’nﬁ beglo?d #QBe &6 whitdNSRss (LPRdd@WIfa8ed & tRE r' all.
intended to wi'th bo fluid froma region of the armwhic 3 | ess
®

curved conphied Br ILFénSf‘iaﬁ&érﬂV‘b‘éadbY‘FﬁEgsﬁff‘ds%?éBPlécﬁﬁloéé?ﬂl%”&@éP d by

using a pr e&e?b'ﬁrﬁahﬂ@ﬁiat&?ﬂwﬁﬁh_F%&h%lyﬂﬁQ@ri%sﬁa pedef ormabl e material which
preferably has a ring shape he system for renovi ng body fluid

addltlonall has a perforation device to p uce openi ng.. Such a
perforation Bfews@ @éﬁera@ﬂag P%%@ﬂldagd%!@@éb’ehas |a@6{fﬁ@b@§§5§‘f6f-' tQPTOSHERt it s

preferably gcosmp) @e%llr)’g BEEPY £ {Jrh 0N 88KcelcdhR BHE 1Ak Liedr deb@le. | NCi Sion such that
body fluid enmerging fromthe site of incision is accessible. In the

In the case of a lancet it 1s preferably completely removed from the tissue after the
incision such that body fluid emerging from the site of incision is accessible. In the
case of a needle it can remain at the maximum puncture depth in order to extract
body fluid from this depth or it can be withdrawn until it reaches the skin surface in
order to take up liquid from this position. It is also possible to only partially retract
the needle such that the puncture channel is partially unblocked but the needle still
remains in the skin. On the one hand this improves the flow of liquid out of the
open puncture channel and, on the other hand it is no longer necessary to position

the needle on the body surface.

The perforation device can be preferably guided onto the body surface through an
opening in the compression unit or in the pressure-application region. In order to
achieve various depths of incision to allow for various slan types and also the
required quantities of blood, it is advantageous to have a variable puncture depth. In
order to achieve a defined (and optionally preset) puncture depth it has proven to
be particularly advantageous to arrange the perforation device such that it can be
displaced relative to the compression unit. This displaceability comprises two
aspects which can also be combined. In the first aspect the perforation device is
spring loaded relative to the compression unit such that a front face or a stop on the

perforation device elastically rests against the body surface when the body part is



case of a needle it can remain at the maxi mum puncture depth in orﬂ%r io
extract body fluid fromthis depth or it can be withdrawn until i #E Mls
the skin surface in order to take up liquid fromthis position. It is also
possible to only partially retract the needle such that the puncture
channel is partially unblocked but the needle still remains in the skin.
On the one hand this inproves the flow of liquid out of the open puncture
channel and, on the other hand it is o | onger necessary to position the
needl e on the body surface. The perforation device can be preferably guided
onto the body surface through an opening in the conpression unit or in the
pressure- appﬂeis&eétagainstnbgicmmpreksﬁbkromde I‘I’h’re@on@gd%isile& ﬁ)rtf_/csﬁ(ﬁfi tﬁ@%er%ﬁgbﬁ of

incision toyallow for vyarious.skin es and al so the required quantities
of blood, it7€9 of@%ﬁ? gsélé% ets&’fﬁ%\f@ﬁn%fr’iaaﬁq of bigneHand Iﬁéfﬁf%@bq]’ g or der
to achi eve aNdeffigremet coamndesoivt 0@l dry uRHeB&E Js PURMZEMHE BEBL ALl tn RS Proven
to be particularly advanta eou? to arrange the perforati'on device such

that it caneB@" Yitkgngeaydniental peesie pHEDCRIsEsed 831 ofthismegionThi s
di spl aceability conprises two aspects which can al so be conbined. In the

first aspecThd feeombishedtati e rd@WeCRslemSh dfile f)&%ggo{l]ﬂlﬂ%éa @ to the
corrpressi on unit such that a front ace or a stop on the pertoration

devi ce el astARRIFIYPTWEt 048N AP ONEREnbRYe peifPraten where ittea podyrapant is 0 8
OCT 2004 6 jpisassehdagahddsdn: bivsy ﬁgm)t'hﬁgy%'si‘%n%b}derTc?@regt%rlggc%§§'t\{(%u}orCe of
sdr erably 1’ n the

t he perfora% on _gevice on the body surface I's prefe / ange of 1
to 5 N and §dyghed BY BsRRs iz recepving devicegThisrepectiopprisabirlyamportessfoar e used

there is a ganagratbd@kteBPRNich b de i:gédtfg'reolo&?%ﬁﬁrawal ENGell &Carngf}‘éi?d i nter nal

pressure will be pressed out of this region. e second aspec e. the
rel:ative displacenment of the perforation device and conpression unit
concerns a WdrAgeoss emhedisentrfabe wivention the systaro for Vpi@hnc})r@wmgihmdy posi tion
and novenenuidVaitdsFLe bl £n ROHILORst R Y G8ha cﬁrsgﬁ%r%s §1@%e%-]£r?ox{nake up
body fluid by neans of a receiving device. IS aspect 1s particularly

i nport ant fiorthe pmoy art. &gr etample ystlgmaldystetns cameb & casedck Blus®lagdd Wi t hdr awal

S st o ANELEL Aol R0 A0 B0 HRATIE NS 2L bl eme™
syst em f or B MAPRES y s a rule analytical systems
which are designed for consumers use disposable test elements which, after contact
with a sample liquid, yield a signal which depends on the analyte concentration. In
the field of blood sugar measurement optical test elements are used in which the
reaction of glucose with a test chemnistry leads to a change in colour as well as
electrochemical test elements in which an enzymatic conversion of glucose enables
an amperometric or potentiometric analysis. The test elements can be

advantageously designed such that they actively take up body fluid {e.g. by means of
a capillary gap).

The system according to the invention simplifies the integration of a withdrawal
unit with an analytical system or for the first time makes an integration possible. As
already stated it is customary in the prior art to manually press out the body fluid
after producing a skin opening which means that the patient has to remove the body
part from the withdrawal device. In contrast a system according to the present
invention enables the patient to press the body part against the deformable
compression unit and to leave it there in this compressed state to produce a skin
opening as well as for the withdrawal. Hence a higher degree of automation is

possible in which the patient only has to press against the compression unit and all



fluid is integrated into an anal ytical system Such anal ytical sy E%ms ﬁbre
well -known in the prior art. For exanple analytical systens nane 2004
Accucheck Plus(r) and Accucheck Advantage(r) are conmercially avail abl e.
As a rule analytical systens which are designed for consumers use

di sposabl e test el enents which, after contact wth a sanple liquid, yield
a signal which depends on the anal yte-,concentration. In the field of blood
sugar nmeasurenent optical test elenents are used in which the reaction of
glucose with a test chemstry |leads to a change in colour as well as

el ectrochem cal test elenents in which an enzymatic conversion of glucose
enabl es aﬁubﬂfﬂéﬁféﬁrﬁé@lﬁﬂl@t@ﬁhﬁﬂ@ﬂ‘éﬁﬁ@ﬂ]@?ﬁﬂ@%ﬁﬁ?‘éﬁt@n meeadest el enents can
be advant %Q?LQ'H%%llg.eg gned such that they actively take up body fluid
(e.g. by neans o capillary gap). The system according to the invention
simplifies the integration of a withdrawal wunit with an analytical system
or for the Hincguntntagratiak o5 therper ntasignaievionapbesitisicel systsm mitosady stated it
IS customary. i ri - | AR RTE) after
pr oduci ng. S0t aESRaRTEes Bl & B elTRRUAC oBE 255, Bl McBRSn Ll B
body part afvorimopbeting stepsy bxvdle wdeviCosespondinght suak b spsteyslsem according to
the present,q L (yenilon.enaples Lc.nal Lol & RISES NS RefY, PARE agai nst

t he deformaﬁll e %onp?'esm on unit an o leave it there |ntt I'S conpressed
state to pnachirewa dkice, thepehidrgvadsf heedylfluasard dthetttr@spirt btbvadydluid Hence a

hi gher degrge of au%omati on, i S B’?SSi ble in which the patient only has to
press agai et 2AHEICHWSIBLY] LREARMY Sind all 0 6 OCT 2004 7 subsequent steps
up to the read-out of the analytical result can proceed automatically.
Hence an i rErelgsditrieats adfystéres penfdngtol tha posearitdeveandn anadlytidaad irsgietem not
only advan ously relates to a spatial integration but also a process
integrati on&egﬂ%f%ﬁqeéj\?gf 8€th5§§}nasi ng steps by the user. Correspondi ngly such
a system al so advantageously has a control unit which controls

coor di nat i Viégyredct i vaforopresfion heit imi pérdipeatied ardburbsesectitiml wiewhdr awal of body
fluid and the transport of body fluid to

Figure 2: Compression of a region of the finger tip in a perspective and cross-

sectional view.

Figure 3: Path-force diagram when a finger is pressed against a compression unit

according to figure 1.

Figure 4: Cross-sectional diagram of a further embodiment of a compression
unit.
Figure 5: Integrated system for the analysis of body fluids with a compression

unit according to figure 1.

Figure 6: Integrated system for the analysis of body fluids comprising a

compression unit, a perforation unit and an analytical unit.

Figure 1 shows a first embodiment of a deformable compression unit. Figure 1A
shows a perspective diagram of the compression unit (10) which is mounted on a
plate {20). The cross-sectional diagram of figure 1B shows that the compression unit
has two conically tapering regions (10a, 10b) which act as a pressure-application
region. The upper pressure-application region (10a) narrows towards the plate (20)
and the directly adjoining lower region (10b) widens towards the plate. The

compression unit 1s constructed of a deformable plastic which is polyurethane in the



the analytical systemand the analysis. Enbodiments of systens according to
the present invention are elucidated in nore detail on the basis of the
figures: Figure 1: Conpression unit in a perspective and cross- sedt| dHal
view. Figure 2: Conpression of a region of the finger tip in a perspective
and cross- sectional view Figure 3: Path-force diagramwhen a finger is
pressed agai nst a conpression unit agcording to figure 1. Figure 4:
Cross-sectional diagramof a further énbodi ment of a conpression wunit.
Figure 5. Integrated systemfor the analysis of body fluids with a
conpression wunit according to figure 1. Figure 6: Integrated systemfor
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narrows towards tB Eb ge (20) and the directly adjoining |ower region

(10b) wi deRdngeRiar de °5¥ate The conpression unit is constructed of a
def ormabl e pl astic which is polyurethane in the 8 exanple shown. Silicone
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otherwise be carried out manually by the user.

Using the compression unit shown in figure 1 which has a Shore hardness of 30 it
was already possible to achieve a puncture depth of 0.7 mm in several patients and
to obtain a blood volume of 1.5 - 3 ] from the finger pad. The amount of blood
obtained is essentially determined by the tissue volume pressed together by the
compression unit. Due to this limitation the amount of blood is limited and thus

hygiene problems caused by too much blood emerging can be avoided.

The present invention is also intended to include arrangements in which a primary
movement of the body part relative to the compression unit is at least partially
converted into a movement which is perpendicular thereto. Thus for example a
system should also be encompassed in which the upper region (10a) of the
compression unit is absent and the conversion of the primary into the secondary
maovement only occurs by means of the lower part (10b). In this connection the
term deformable is intended to not only include embodiments whose material is
deformable per se as is the case in the embodiment shown in figure 1, but also those
embodiments are intended to be included whose geometric arrangement 1s
deformed or reshaped by the primary movement. An example of such an

embodiment is described in the following in conjunction with figure 4.

Figure 2 shows the operation and action of the compression unit of figure 1. As

shown in figure 2A a body part, preferably a finger tip, is pressed by the user onto



poi nting towards one another and of the deformability, a primary novenent
(30) of a body part perpendicular to the plate (20) is at |east @@m@tidly
converted into a transverse novenent. The resulting secondary no i
results in a squeezing together of the body part which imtates the mlking
nmovenent which would otherw se be carried out manually by the user. Using
the conpression unit shown in figure whi ch has a Shore hardness of 30 it
was al ready possible to achieve a puncture depth of 0.7 mmin several
patients and to obtain a blood volunme of 1.5 - 3} | fromthe finger pad.
The amount of blood obtained is essentially determ ned by the tissue
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al so be enclarpadaidngersvhivelhad deldtqpdingeagi on (1 Ga) of the conpression
unit is absent and the conversion of the primary into the secondary

nmovenent only ocgurs..b ns t.he .| ower ,par 10b). In this connection
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igure 1, but o those odi nent s, are i ntended to be jnclude ose
gegmetri c a ‘ftzfill"é’ e gch%@wd%ihpggﬁgwaogquﬁ@em P@Fy movenment. An
exanpl e of &igpression embesbliBatthe Sorfpeedidbeftct Withinetht elahrpat bgdy Regidnj unct i on
with figure 4, Figure 2 sho rﬁithe operatig and action of the. conpression
Unit of f i GRS Copiribaiessiine efifeguReresk oh tKJR i pAl PrESSYE e BREIA . fi nger
tip, is prespsgftaBy of the cuS@restinh Anfl Bnkain2DPrksShirt APplAPS 2686:0MadBbf such
that the conpression unji i s pressed together and t]?le i nner V\ﬁ"]d h (12) of
t he conpr es%‘if@ﬁnﬁsmi’ pafegial hayeeg here s tieal il adagts e Recoptourd the iy tip i s
squeezed anghrt ehus féasBRpleIt RSSO tdaltdWEhdRG HEod B0k drfe sidkcsfeBsed. The
tner finger tip which would be virtually impossible with rigid pressure-application

devices.

Suitable selection of the wall thicknesses and the hardness of the material enables the
partial collapse of the compression unit which occurs when pressure is applied to
the compression unit, to be clearly felt by the user. In this manner the user can fee]
when the pressure is adequate for obtaining blood. However, the basic principle of
operation of the compression unit according to the invention remains even when

there is not such a discernible collapse of the arrangement.

Figure 2 shows that in region 14 in which the compression unit (10) is connected to
the plate (20), high tensile stresses occur in the compressed state. It has turned out
that these tensile stresses are very favourable for the function of the arrangements.
Thus it is advantageous to ensure that there is a good frictional linkage between the
compression unit and the plate and in particular to durably connect the two

components in the region (14).

A further detail which is shown in figure 2 is the significance of the thickness (d) of
the pressure-application region. In the compressed state the upper and lower
pressure-application regions rest against one another and thus lead to an even

stronger compression of the body part in the compression unit.



width (12) should ideally be in the range of 8 to 11 mmin order to be
suitable for Jlarge adult fingers as well as children's fingers. anw[p ﬁg
additionally shows that in this enbodi nent the pressure-application 5
(10a, lob) not only nakes a secondary novenent parallel to the plate (20)
‘but al so becones arched downwards. This deformation novenent of the
conpression unit anplifies the conpression effect within the cl anped body
region and thus contributes to the dé8ired i ncrease of the internal
pressure. A particular advantage of the conpression unit containing a
pressure-application region made of defornable material shown in figure 1
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the compression unit is constructed of rigid elements which are bent by the pressure
of the body part such that the geometric structure of the compression unit as a
whole is deformed. The compression unit of figure 4 has a plurality of lamellae (11')
which are spaced from one another. The lamellae have a bevel (21) on their outer
side by means of which they move together when the unit of larellae is inserted into
the clamping ring (22} by applying pressure. In the pressure-application region the
lamellae (11') are covered by a cap (23) made of an elastic material. Hence also in
this embodiment the primary pressing movement of the finger generates a

s secondary movement laterally to the primary pressing direction which results in a
lateral pressing together of the skin surface. The production of an increased internal
pressure (50) of a body region is also shown in figure 4B. The cap (23) made of an
elastic material has the effect on the one hand, that the skin cannot be pinched
between the lamellae and also adapts the compression unit to the geometry of the

pressed body part.

Figure 5 shows an integrated system for the analysis of body fluid which comprises a
compression unit according to figure 1. As already stated above the compression
unit has an opening between which the compressed region of the body part is
located. The perforation device can access the body part in order to make a skin

incision and body fluid can be withdrawn through this opening in the compression



-10 The above-nentioned col | apsi ble effect of the conpression unit is shown
in figure 3. The abscissa shows the path of a finger tip relativd8teft2§g
conpression unit in mm The repul sive force between the finger and
conpression unit is shown on the ordinate. Figure 3 shows that when the
finger starts to press the repulsive force increases, passes through a
maxi mum and decreases again as it approaches further. |In this case the
position 5 nm corresponds to the statdlshown in figure 2. Overcom ng the
force maximumis felt by the user as a collapse which at the sane tine
indicates to himthat he has guided his finger sufficiently firmy and far
enough ontonitHe thoembedigieanshoviit in fi'gmestlﬁr[&lrﬁommntdﬁvaugbmﬁ;fs@race maxi num
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‘comprises three functional units i.e. a compression unit (10), a perforation device
(80) and an analytical system {90). The said units are displaceably mounted on a
linear guide unit (100). The linear guide unit is composed of a guide rail {100) with
three slides attached movably thereto (101, 102, 103). The first slide (101) is moved
by a server drive (not shown in the selected view) via a gearwheel (104) and a gear
rod (105). A spring (106) transmits the movement of the first slide {101) to the
second slide (102) with a lancing device (80) attached thereto. The pressure of the
lancing device on the finger can be achieved independently of the distance with
approximately constant force as a result of the spring. The force should not exceed
ca 2N. If the forces are larger there is a risk that during the pressing and lancing
blood that has already accumulated in the finger tip will be squeezed out of the
sealed volume. This would hence reduce the amount of blood that can be potentially
obtained. A trigger button (81) on the lancing device can be operated by a
servodrive {107) with a cam disk. The compression unit (10) is mounted on the
third slide (103) and is pressed against an upper stop (109) by means of an
adjustable spring (108) of ca. 10 - 15 N. The force exerted by the finger of the user
moves the third slide {103) downwards against a limit switch (110}, If the end
position where the third slide presses against the limit switch is not reached, the
subsequent operation process is not enabled. For this purpose the limit switch s

connected to a process control unit which controls activation/actuation of the



conpression unit according to figure 1. As already stated above the
conpression unit has an openi ng between which the conpressed regﬂ&ﬂtbﬂﬂ&he
body part is |ocated. The perforation device can access the body part in
order to make a skin incision and body fluid can be wi thdrawn through this
opening in the conpression 0 8 OCT 2004 -11 unit. In the enbodi nent shown
in figure 5 the perforati-on device conprises a needle (60) which is
inserted into the conpressed region ahd-renmains there to collect body
fluid. The needle (60) is connected to an anal ytical zone (62) which
changes col our in the exanpl e shown dependi ng on the anal yte concentrati on.
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di spl aceabl |.inear guide unit (100). The linear guide unit

( g rmgnt ed.oBvi ledt . (

i s conposedPyHeLY 6P fEAF 486 with three slides attached movably
thereto (101, 102, 103). The first slide (101) is noved by a server drive
(not shown Procethereded @etyad adtewheayi@nengear wheel (104) and a gear rod
(105). A spring (106) transmts the novenent of the first slide (101) to
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In the initial state the holder (92) is in a position which enables movement of the
lancing device towards the compression unit (10) (swung back). For carrying out a
perforation the lancing device is inserted so far into the compression unit that the
end of the lancing device can be felt by the user when the compression unit is
applied and pressed down. The pressing force of the lancing device is controlled
(ca. 2N) in this position by the spring (106). The external force applied by the user
on the finger cone is registered by means of a spring (108) and limit switch (110)
and is monitored during the whole measurement (10 - 15 N). Removal of the finger

leads to termination of the measurement.

If the user has positioned his finger optimally, the measurement process can start or

the measurement process is started automatically.

The servodrive (107) actuates the trigger button of the lancing device (80).
Immediately after the lancing process the lancing device is moved away from the
finger tip and positioned such that the analytical device can be moved without
hindrance. During a waiting period of 3 - 10 sec a portion of the dammed blood
volume emerges from the incision wound and forms a drop on the skin surface.

After the waiting period the analytical unit is swung cnto the skin surface in such a



bl ood that has al ready accunulated in the finger tip will be squeezed out
of the sealed volune. This would hence reduce the amount of blood that can
be potentially obtained. A trigger button (81) on the |ancing d&gil€é Jgfan
be operated by a servodrive (107) with a cam di sk. The conpression unit
(10) is mounted on the third slide (103) and is pressed agai nst an upper
stop (109) by neans of an adjustable spring (108) of ca. 10 - 15 N. The
force exerted by the finger of the uséf- noves the third slide (103)
downwards against a limt switch (110). If the end position where the
third slide presses against the limt switch is not reached, the
subsequent rﬁ@@rﬁ@&hﬂ%p&ﬁﬁ@%ﬁ%é RstNGlp ?@lmt@@ae #1064 HfUpSIIPtJﬁpf%@esEHﬁe limt
switch is connected'to process _con unit which controls
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novenent OEnhbgng%&ﬂﬁlng devi ce towards the conpression unit (10) (swung
back). For carrying out a perforation the lancing device is inserted so
far into the conpression unit that the end of the |ancing device can be
felt by the user when the conpression unit is



appl,ied and pressed down. The pressing force of the |ancing device is
controlled (ca. 2N) in this position by the spring (106). The external
frorce applied by the user on the finger cone i's regi stered by neads! it a
spring (108) and limt switch (110) and is nonitored during the whole
measurenent (10 - 15 N). Renoval of the4finger . leads to term nation of the
measurenent. |f the user has positioned his finger optimally, the

measur enent process can start or the measurenment process is started

aut omat i caWhat isthemseéissodri ve (107) actuates the trigger button of the

| anci ng device (80). Immedi ately after the |ancing process the | ancing
device is noved away fromthe finger tip and positioned such that the
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I nci si on wonnmpghisamgd forns a drop on the skin surface. After the waiting
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is preferapl aMtinfeHlaﬁ’Pfe:%élrE.he test strip on to the body but only to nove
it near to the skin sufface such that it is wetted by energing blood. 0 8
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2. System as claimed in claim 1, in which the pressure-application region has an
opening with a rim on which the body part is pressed which results in a reduction in

the inner width of the opening.
3. System as claimed in claim 2, in which the rim is in the form of a ring.

4. System as claimed in claim 3, in which the compression unit has an upper

conically tapering region as well as an adjacent lower region which widens conically.

5. System as claimed in claim 2, in which the pressure-application region has an
opening through which the perforation device can penetrate into the region of

increased internal pressure,

6. System as claimed in claim 2, in which the opening has an inner width of 4

mm or more before pressure is applied.

7. System as claimed in claim 1, in which the pressure-application region has an
opening through which the perforation device can penetrate into the region of

increased internal pressure.



What, is clainmed is: 1. Systemfor withdrawing body fluid froma part of the
body, the system conprising: a conpression unit against which the ﬁﬁcfgmﬁ
tthe body is pressed in a primary direction, the conpression unit q u g
a pressure-application region nade of a deformable material, the
pressure-application region forned to-partially convert applied pressure
fromthe part of the body in the primary direction into a novenent of the
region in a secondary direction perpendicular to the primary direction such
that an internal pressure is increased in a region of the body part, and a
perforatiop device forned to. produce a.b opening in.the area of the

i ncr eased g’nt er ﬁ%ﬁ%[ﬁ P%gpéqﬂ?%&mf]alg\/ugtuémhécgqﬁ? 'é&ﬁ%rﬁs o '&IFIEF‘?ﬁ 4P UBPRT whi ch t he
pressur e- agidall3ttagfing @O ad W1l adan ﬂgs‘d@hom& Fdich Whith QNd¥hdi ceRichitg body
part is pressed which results in a reduction in the inner width of the
opening. 3. Systemas clainmed in claim2, in which the rimis in the form

of a ring.,4. stem as, ¢l aj ned .in ¢l ai in which the co essl on unit
has an uppge'r c Sft%%r"f f/laﬂ%delpicﬂﬂdmrmeé? th%ghwqm haﬁr‘?néﬂ?eéé‘gﬁ{h qﬁf) r region
whi ch W demga @gﬂb@adell“d&epﬁess@ysgw@g, clained in claim2, in which the
pressure-application region has an opening through which the perforation

devi ce can penetrate into the region of increased internal pressure. 6.
System as aimgd .in clai.m i,n. whi.ch .t.he.openi ng has_an inner.w dth of 4
oo tror e et st in Yot TG WP e BR R BB m PR i s 1 i
whi ch t he phésstdreeladgrhécati on regi on has an opening through which the

perforation device can penetrate into the region of increased internal
pressure. 0 8 OCT 2004 -15 8. Systemas clained in claim7, in which the
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4mm or more before pressure is applied.

12.  System as claimed in claim 1, in which the opening has an inner width of 4mm

or more before pressure 1s applied.

13.  System as claimed in claim 1, in which the perforation device is movably

arranged relative to the compression unit.

14. System as claimed in claim 13, in which the perforation device is spring
loaded.

15.  System as claimed in claim 14, in which the puncture depth of the perforation

device is adjustable.

16. System as claimed in claim 13, in which the puncture depth of the perforation

device is adjustable.

17. System as claimed in claim 13, which has a receiving device to receive body
fluid.

18. System as claimed in claim 1, in which the puncture depth of the perforation



9. Systemas claimed in claim7, in which the opening has an inner w dth of
4 mmor nore before pressure is applied. 10. System as cl ai ned iq]claim 1
in whi ch the pressure-application region is made of an el astomer.0&8LT 2004
Systemas clainmed in claim210, in which the opening has an inner w dth of
4mm or nore before pressure is appliedl6i2. Systemas clainmed in claiml1,

I n which the opening has an inner width of 4mm or nore before pressure is
applied. 13. Systemas clained in claiml1, in which the perforation device
i s novabl ydevageriandpstablel ati ve to the conpression unit. 14. System as
claimed in claim113, in which the perforation device is spring |oaded. 15.
Systemas clainmed in claim14, in which the puncture depth of the
perforatiop deg{Ganias cREhMUSIMAMiR 1,%c1ﬁ>{a%taer€ea§mg @} ieB b JeBeibé 13, in
whi ch the puncture depth of the perforation devicCe Is adjustable. 17.
System as fhidi med in claim 13, which has a receiving device to receive body
fluid. 18. Systemas clainmed in claiml, in which the puncture depth of the
perforation 0 8 OCT 2804 -16 device is adjustable. 19. Systemas clained in
claiml, whch §aser af Safthed REIARVIE t dRich Ei¥EvRGHEvich idindvad). System as
claimed in claim19, in which the receiving device is novably disposed

rel ative tdispdsed cadatpweds $haoopmpression2dnit. System as clained in claim 19, in
which the receiving device is a cannula or a capillary active material and
an anal ytical zone adjoins the cannula or the capillary- active materi al

whi ch anal yi,i caky£4Rgs Ylafh&Fin@1ARNEETH #aich My LEASHEARYIcE 1IN IR a
capillary active material and an analytical zone adjoins the cannula or the capillary-
active material which analytical zone yields a concentration-dependent signal when

the analyte 1s present.

22.  System as claimed in claim 1, in which an analytical system for the

determination of the concentration of glucose is integrated.

23.  System as claimed in claim 22, in which a control unit is integrated which

coordinatively controls the activation of the withdrawal device and analytical system.

24.  System as claimed in claim 22, in which the analytical system is moved
towards the region of increased intemal pressure through an opening in the

compression unit in order to take up body fluid.

25. System as claimed in claim 22, in which the analytical system contains at least

one test element.

26. System as claimed in claim 1, wherein the perforation device is a lancet.
27.  System as claimed in claim 1, wherein the perforation device is a needle.
28.  System as claimed in claim 1, in which an analytical system for the

determination of the concentration of an analyte is integrated.



the analyte is present. 22. Systemas clainmed in claiml1, in which an

anal ytical systemfor the determ nation of the concentration of glﬁﬁ?ﬁf I S
ikntegrated. 23. Systemas clainmed in claim?22, in which a control uhPt t J004
i ntegrated which coordinatively controls the activation of the w thdrawal
devi ce and anal ytical system 24. Systémas clainmed in claim22, in which
the anal ytical systemis noved towards the region of increased internal
pressure through an opening in the conpression unit in order to take up
body fluid. 25. Systemas clainmed in claim?22, in which the anal yti cal

system contai ns,at | east. e test.elenent.. 26. stem,as clained jn claim
2 e o e S e T8 on e B8 e iR By fiid B 005 pafaE pEGIAR A | o
claim1, wWhelRighr pdaccoRfifsHpat doipréRinGit whigh PREEIIE convefls a PYSE@® as cl ai med
in claim1l1, in which an anal ytical systemfor the determ nation of the

concent r at anphied by &re kodyipartan aprimare diredtied into a3n@EMen0dua sekPndPy Syst em f or
stinmulating the efflux of a body flujd,froma body part .in.particular the
[l nger - pad eGP Pt Lorospr Euby et aiht PRESIERAeR a7 (o8 uipesrainy
pressure  RRRhd1PresBireif' @ rE 6 oPRRE bodlyipat WhirdR the dbiBresiion uhithes # novenent
in a secondary ‘direction with a conponent transverse to the prinary

di recti on pressutrdrepplicaitoremgmn mire ofianteformablepndedalre in a regi on of the body

part wherein the conpression unit has a pressure-application region nade
of a deformable material. 30. Method for stimulating outflow of body fluid

from a bodyp par MetHdaFoPRIM@GtinEOMRLWIIBEdY NRidSEARR 2 blly PaR\thé dthad
conpression unit having a pressure-application region rmade of a deformable

mat eri al , eompringstestgps b body part agai nst the conpression unit in a
primary direction,.the (i)ressure-aﬁgl l.cation reg{iﬁﬁn arti al I% (ﬁeontverti ng
the pressing noR/EENTE $ RTBPESSIHU ARG JPESTEE &P@O%fqgéo@t 8 Tréansver se
to the prig@Epdmable @etetian ag@ch that an
pressing the body part against the compression unit in a primary direction, the
pressure-application region partially converting the pressing movement into a
movement in a secondary direction transverse to the primary direction such that an

internal pressure is increased in a region of the body part.
31.  Method of claim 30, wherein the body part is a finger pad.

32.  Method for withdrawing body fluid from a region of a body part, the method
comprising the steps of:

providing a compression unit, and

pressing the body part against the compression unit, the compression unit
partially converting the primary pressing movement into a movement in a secondary
direction transverse to the primary direction such that the internal pressure is
increased in a region of the body part and a perforation is produced in the region of

increased internal pressure.

33.  System as claimed in claim 32, in which the perforation is carried out while

the body part remains pressed against the compression unit.

34.  Method of claim 32, wherein the body part is a finger pad.



internal pressure is increased in a region of the body part. 31. Method of
clai'm 30, wherein the body part is a finger pad. 32. Method for m@%hﬁq lng
body fluid froma region of a body part, the nmethod conprising the stgﬁg
of : providing a conpression unit, and pressing the body part against the
conpression unit, the conpression unitl18partially converting the primary
pressing novenent into a novenent in a secondary direction transverse to
the primary direction such that the internal pressure is increased in a
region of the body part and a perforation is produced in the region of

i ncreased % ternaljgéﬁss e. 33. Systemas clained in claim32, in which
the perforati onRETIOLAIONSEVISECOMANPRE: t he body part remains pressed agai nst
the conpressi on, Uathpressidn uﬁf?ﬁ%&i’ﬁ‘st Whic 2paA Ha bd’&gﬂ!& BredsddNthel@thprataioh is a
finger pad. 0 8 2004 -18 35. A perforation device conprising: a

conpr essi omitimctudings pressundrapriicatigraregionffommdsidyin¢reasgran dntemal pigssusdivpr essi on

unit including a essure-application region forned to i ncrease an internal
pressure iﬁreggonr%é[’f)ﬁo‘g‘fp%@g‘!t‘)ody part, and a perforation device forned to
produce a body eBeRlmfiod BeViteroRhER1oNrolile  HIAGILBARAL A he@ralf e essur e, the

perforation devicte being spring |oaded relative to The conpression unit
such that mcdasgd ioterndh pressurt ghaperforatiaydedcedicasy spriagllyaded selativfaithst t he

The dbvi cebORPERSTHIS I ATl A CroiE PELSRORH RoHEC RGICRTY (5 LARSRIST 1 1o
5 N 37. ThguydaM wherdhe 6ba) FArBR phSERhRidsh theLBMpr&SRh @it orce is 2 N

36.  The device of claim 35 wherein a compressive force is in the range of 1 to 5

N.

37.  The device of claim 36 wherein the compressive force is 2 N.



