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Coagul ati on and Method Thereof 5 Field of Invention The present m&eIm%%
relates to a device and nethod for neasuring the coagulation factors of a
bi ol ogi caW&eIPB4 More specifically, the invention rel at eSCHEGBII@S&{Hosabl e
test-strip to be inserted into a hand-helld or portable nmeter which is able
to display the 10 results of the coagul ati on assay. Such a device is
suitable for home-testing or point of care. Background of the Invention 15
The ability of the Uemice fordvieasuringidlopd GigaphlatipwaddMethodiTlgreafscul ar
injury is paranmount to continued survival. The process by which this occurs
is termed haenostasis and is acconplished by the process of bl ood

coagul ation leading to formation of a blood clot or thronmbosis. A bl ood

cl ot consi st sredid of pivegticf pl atel ets ennmeshed in a network of insoluble
fibrin particles: WiiITst Tormation of the clot is 20 essential, the

persi stence of such clots would be dangerous to the body. Thus, in order to
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within the circulatory system however it can be especially ITf

threateni ng wh#A- this occurs in the |lower body, heart, lungs or bra| n
resulting in deep vein thronbosis, acute nmyocardial i nf arction, pul nonary
enbol i sm and gc;gte isEcggn}ncvers]b&?ke Two pat hways or coagul ati on cascades
lead to the f known 30 as the intrinsic and extrinsic
pat hways. These two pathways are initiated by distinct nechanisns but
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vessel wall in the dbsence of tissue injury Intrinsic
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extrinsic pahheiaystasisdndaoagishdlished E}&ﬁé@dﬁéssaff%ld(ﬂrdbagﬂ%rﬁ%acﬁﬂg té nvol ve a
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order to minimize damage to the body after the clotting process has served its

purpose, healthy cells surrounding the clot release plasmin to digest fibrin, therefore
dissolving the clot. However, thrombosis is one of the leading causes of death
worldwide due to the flow of blood.to vital organs and tissues being blocked by
25  blood clots. Thrombosis may occur anywhere within the circulatory system, however
it can be especially life threatening when this occurs in the lower body, heart, lungs
or brain resulting in deep vein thrombosis, acute myocardial infarction, pulmonary
embolism and acute isechemic stroke.
Two pathways or coagulation cascades lead to the formation of a clot, known
30 as the intrinsic and extrinsic pathways. These two pathways are initiated by distinct
mechanisms but converge along a common pathway. Clot formation in response to
an abnormal vessel wall in the absence of tissue injury is the result of the intrinsic
pathway and clot formation in response to tissue injury is the result of the extrinsic
pathway. The coagulation cascades are very complex and involve a number of
35  different proteins known as clotting factors.
People who suffer from cardiac or vascular diseases and patients that have

undergone surgical procedures are at risk of developing blood clots that may result in



life-threatening clinical conditions. Such people are often treated ﬁdﬁéﬁh :
bl ood-thinning or anticoagul ant drugs. However, the anmount of anti & M

in the bl oodstream nust be nmaintained at the proper level; too little may
result MPRARAFHed clotting whilst tog much can result HEHEEMFhgi ng. As

a result routine coagulation 5 screeni r?g tests have been devel oped in order
to evaluate.the coagul atio Sl:[gﬂ?tus bl ood or plasma, A useful neasure of
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INR = (PT ratio)" where ISI is the International Sensitivity Index and

PT ratio = Patient’s PT/ Mean Normal PT
25
The ISI is derived from the calibration line of the value of PT for a number of
samples, obtained using a particular thromboplastin versus the World Health -
Organisation (WHO) international reference preparation for thromboplastin (human
combined 67/40). A particular value of ISI, which takes into account the particular
30 method and type of thromboplastin used, is assigned to each PT system, whereby
each PT ratio can be translated into a standardized ratio. By employing INR, patients
should be able to maintain a satisfactory level of coagulation which is independent of
the PT system used.
Another method of measurement of coagulation in either blood or plasma is
35  the Activated Partial Thromboplastin Time Test (APTT). This test is a measure of
the time of coagulation that occurs when the intrinsic pathway is activated. This is

achieved by the addition of an activator (kaolin) to the sample in the presence of
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t hronmbopl astin). APTT is used to evaluate the intrinsic coagulatio M%@
whi ch includes the factors 1, 11, V, VIII, IX X X and XlI. Formation of
conpl exeswom2toRes3sur f ace of the phosphol i pi d enabl es pr ot hPEMGiBR1/ 03634 be
converted into thronbin, which results id clot formation 5 APTT is used as a
routine test for nonitoring heparin therapy during surgical procedures, as
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consi der ed aspronedusés, ahe ptseperativesisereatngrtgst fersilecding tevdrmciwoand &t assésshbpar i n
therapy, both,§&oh) Bahp&Bice owmg{ageﬁmoagms@&mferﬁ_qrhist@;tqgfta&ﬁmms,l ¢ disease

and for those on extra-corporeal circulation. = For those patients taking
heparin, prol ¢Hged Peiin dhe qeRsaldgdoratongi rect |y proportional to the
concentration of heparin in blood. Mnotoring is inportant and under dosi ng
or 20 overdosing of par i t respectively in pathol ogi cal thronbus
f or mat i on[(gr M%@E%me tions. The original ACT test utilized
a glass tube with a celite activator and it was necessary to invert the
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20 overdosing of heparin may result respectively in pathological thrombus formation or

serious hemorrhagic conditions.

The original ACT test utilized a glass tube with a celite activator and it was
necessary to invert the blood tube every 15-30 seconds so as to continually reexpose
the blood sample to large amounts of glass. The MAX-ACT™ test has been

25  developed by Helena Laboratories which overcomes the need to invert the tube yet at
the same time providing a large exposure to glass by the use of additional glass
beads.

Thrombin Time Test (TT)

30
This test measures the rate of formation of a fibrin'clot in. plasma by the
action of thrombin on fibrinogen, compared to a normal plasma control. The test is
performed by adding a standard amount of thrombin to a patient’s plasma that has
been deprived of platelets and measuring the time for a clot to form. It has been used
35  in the diagnosis of disseminated intravascular coagulation and liver disease and is

generally performed in the central laboratory.
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devel oped which target specific factors such as factor Villa that (?%AN2006
i ndi cative of factor |X deficiency. Another exanple is an assay 5 for factor
VI, whQ/0sehddtitutes a test for haenophilia. Qher tedCI/GHUI0GEE assays
to nmeasure the levels of activation pdptide factor 1Xa, antithromnbin,
protein C and protein S. |Imunochem cal assays have al so been devel oped to
i dentify arfdtheptes@re the various markers of coagul ation and thronbosis. 10
Various instrunents have devel oped for use in the |aboratory and as PCC. In
addition to this

devi ces have, beep devel oped which allow the patients to
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bel o Uos, BalacTRN B Shiche MRS BaP ShsR RRRRAE, Qi 1SR ot TSR o
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a bl ood sagg}u%m whereby the blood is deposited into a capillary via a
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reservoir within a disposable cuvette. The. saryglfe is then caused
to reciprocal | y hpenaghemical assaystmve alspibeen Jeveleped to klgntibr anddneasute ansver se
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of the coaqgul ation.or.lysis  of _a, blood,sanmple..The sanple i s caused to
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the determ nation of prot wher eby capi | y action 1is used to
draw a 'éred@‘teémﬁ*iﬁﬁéée'\?éﬂ-une of aliquid sanple into a reaction chanber. 30
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that are then a
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a porowd9 capillary and blood forced to transverse a restricted region. Coagulation is
~ determined to have occurred when the time required to transverse the restricted
region is a predetermined percentage longer than the previous time.
US6,060,323 assigned to Hemosense, discloses a single use electronic device
and test card for the measurement of the coagulation or lysis of a blood sample. The
25  sample is caused to contact two electrodes, which measure the change in impedance
corresponding to the change of viscosity of the sample as it clots.
US4,849,340, assigned to Cardiovascular Diagnostics, discloses an optical
detection method for the determination of prothrombin time whereby capillary action
is used to draw a predetermined volume of a liquid sample into a reaction chamber.
30  Magnetic particles are caused to mix with the sample in a reaction chamber that are
then agitated by an oscillating magnetic field. Light is shone onto the sample and
subsequently detected. The point of coagulation is determined from the change in
degree of the magnetic particle movement.
W096/00390 discloses a fully disposable single-use device for determining
35  blood-clotting activity whereby the distance traveled by the sample along a porous
substrate is indicative of the clotting time.

USS, 039,617 assigned to Biotrack, describes a2 method and capillary flow



substrate is indicative of the clotting time. USS, 039,617 assigned to

Bi ot rack, describes a nethod and capillary flow 6 JAN 2006 WO 02/ 050%3IAN 2006
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i npedance of a clotti ng bl o%s&ngﬁ ha'ils lbegr}ﬁ?tudi ed (Anerican Journal of
Clinical Pat holBYPeds no/ge Biag 40pG Aiermaligelyp il the sempls copfaiphgarifseditte of a
bl ood sanpl e owarbe datectedlsy ohsdeativmef the spdcklengttetnnpadame Bomuhy mterapicasent i ng
t he various pr N LMV I i . 1 at el et
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180, 000- 400, 00Q4dMeen RANRMGANTericRh F@hAlof CRHIA Bitha1e PR/ 470-478, sotfA)i ce for
normal henpstasis. After vasig_lgtlwgr C%glgﬂ%fp for exar’rPIe after surger){, hi gher
pl atel et chlnt Measwemeripdhe ) ajblpod,sample Qyer imgavasaradst the TRRltRE pose
of platel ets i gnpedan@Pairve g@ppRseitingtthevdrons grocesssein inedlvedyurdty @ottingr
adhering to thensel ves or to.damaged tissue. Wien cells becone danaged,
they rel ease certain chem cals which cause the platelets to change froma
discoid to a Mshearemaht dfplatelanageagetioe sticky, known as the the

aggregati on-adhesion reaction. Platelets are thought to play an inportant
role in the pathogenesis of isechemc¢ heart disease; acute nyocardi al

i nfarctionddand unsPiglets argioleprigssecetl fragmeats of ghemti2-tim indiagdasadared wit h
i ncreased concgpkémlih 81v9d Momed pRitdlettoahts ke frst P8S000E300, D R weRka4 €l et
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| i poproteins. Thus screening tor plate , fon i's.an importaht and
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on sanpl es of pegtrelee dehaif chamitaRlvilie EdusPORIPIANEIBE B chah@d Bloatla AREFHALS Vel y
as PRP and PPP, .usi ng. a Bo(igeco%%gsrt.%}prﬁslger V\/ﬂ]lctn rreasuQ.es_a%Q&.gl{r%Qgtrgnss| on
of |ight throu@lﬂ‘eflﬁ% ggpqu _ ICKY, Wh as the the aggregation 1 1on.

Platelets are thought to play an important role in the pathogenesis of isechemic heart

disease; acute myocardial infarctions and unstable angina are clinical conditions
25  associated with increased concentrations of certain platelet factors. Furthermore
platelet dysfunction is one o the several major causes of bleeding after
cardiopulmonary bypass. Platelets are also thought to contribute to the long-term
process of atherogenesis by the release of growth factors and platelet function may
also be influenced by high and low density lipoproteins. Thus screening for platelet
30  function is an important and common hematological test.

Traditionally, this measurement was carried out on samples of platelet rich
and platelet poor plasma, denoted respectively as PRP and PPP, using a Born
aggregometer which measures the transmission of light through the sample.

US4,319,194 discloses an aggregometer which is able to carry out platelet

35  analysis on whole blood. Wire shaped electrodes are inserted into the blood sample
to which an aggregating agent is added and the change in impedance is recorded as a

function of time. However movement in the wires causes variability in the
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interel ectrode dictance and in the inpedance neasurenents. US6, 004, 818
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IS capabeo nmeasuring clotting tine sarrple
(herein defined as sanple fluid). An aspect of the invention provides for a
di sposabl e pesiosdRvdres qoal@nni Ng at | east one microchannel which is
capabl e of being inserted into a neter for the determ nation of the
clotting time of a sanple fluid. 15 A further aspect of the invention

provi des for an Itﬁ§ @:gbl@bﬁdﬁpmﬁtmﬁiohOG pdswec@smqmaﬂn meQEdneive@ppardaly t hat
the m e han

ection Denetratin
further' ‘asp ?Pi‘g’ Cio}}'é %%%b?e&n a[SUBHgV\fthgd[é'ges %8@ l%ﬁ?d ﬂ’e@gﬂf‘?ng t he
clotting tlmpié (}mr@adpﬁeedfaﬂﬂamphﬁuidh a mecr ochannel as defined herein, and

means 20 for dehargd agmk Rol PRI INPASpdd O 1O dé@i'cgc&lnuin%ﬁtong sai d

m crochannel has stopped ctrodes situated al e inner
and/ or out eleawnffa@@roeba&nﬁbwhwh&%ﬁ%lﬁﬁébemgmsfrt@%emoa@m@tfoath he i nvention

provi des a aa&:haﬁatwmbfdﬁw@ﬂmfgqrme @mm;ﬂaﬂmd of the clotting tine of a
is caused to,25 flow into,a m cr.ochannel,

sanpl e UI d where a sa

vvhereby he chan’é‘efb \é‘er %pgﬁﬂ)g IBfe ﬂgpfqveﬁlea tpranigiferypd Renelatign EWEE| on of
tinme. The |mulantdrmhame:hsudet$xaethdnaqaosladﬂnel it @13 flutiisoonaectioanpicth thheng a support

menber upon n%[rat\%é \/\hi ch is provided at | east one m crochannel. The

pur pose of PH annel is to receive and acconmodate the fluid sanple.
A sanpl e received fwh@@spmOﬁﬂ@mhatnnwntwnmgwmsmdmwﬁor mgaswingthei on

factors preggfingWirhdibfh §ahﬂ>]&hﬁiarw‘ilthm aRhitiRhafley ac @R Herid RRdIRE surface
of the m Cr%; ggtgprggmr?gnl% u%cre w. Qr? orS evﬂgre flow of said fluid along said microchannel has
stopped, by the use of electrodes situated along the inner and/or outer surface of the
microchannel.

A further aspect of the invention provides a method and device for
measurement of the clotting time of a sample fluid whereby a sample is caused to

25 flow into a microchannel, whereby the change of impedance of the fluid is monitored
as a function of time.

The invention provides a disposable test-device comprising a support member
upon or within which is provided at least one microchannel. The purpose of the
microchannel is to receive and accommodate the fluid sample. A sample received by

30  the microchannel mixes with clotting activation factors present within the channel,
preferably coated on the inner surface of the microchannel and/or the sample
collection reservoir. The sample will then flow by capillary action along the length of
the channel until it ceases to flow or flow will have been determined to be less than a
certain threshold. The distance travelled will then be indirectly determined by

35 measurement of the capacitance or impedancé between electrodes situated either

within or outside of the channel. Vents are provided at any suitable place along the
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from lancing the finger, the user would then be able to remove the finger after the
chamber had filled to an appropriéte amount. The sample would then enter and move
along the smaller diameter capillary channel. Coagulation promoting factors such as

25  thromboplastin could be coated on the inner walls of the chamber or alternatively on
the walls of the capillary.

As mentioned above, one or more vents are provided to allow for fluid flow
along the capillary. Vents may be used to control fluid flow. For example, a first vent
could be situated to allow ingress of fluid into the chamber but not into the

30  subsequent capillary channel. A second vent could then be opened, to allow the
passage of fluid along the microchannel. Alternatively, flow of fluid may be
controlled by the use of other flow controlling means. Any suitable flow control
method may be employed with corresponding means to affect such a control method.
For example Piezo-electric pumping, electrokinetic or mechanical methods such as

35 ‘unblocking' the flow along a selected conduit. - e.g. by allowing a gas bubble to
escape or by opening a valve. In certain embodiments the flow control means

comprises a hydrophobic gate situated within the conduit/microchannel. A
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25  the outside or the inside of the channels. One advantage of the electrodes being
situated on the outside of the microchannel is that the electrodes, which may interfere
with the coagulation process both by virtue of its physical shape and chemical
composition, do not come into contact with the sample. Furthermore, carbon is able
to adsorb species in blood thus affecting the surface chemistry.

30 The electrodes may be any suitable shape and size and would typically be
present as a line or thin band whose width might be anwa\ére between 1-99% of the
circumference of the channel. The electrodes would be situated typically on opposing
sides of the channel and would not neccsarily be of the same width. As disclosed
above, the electrodes could cover substantially all of the inner or outer surface area

35  orjust a small section. According to one embodiment, electrodes are provided on
opposing sides of a fluid channel by forming a first channel which is filled with a

conductive material, and forming a second channel for conveying the test fluid, the



25 the outside or the inside of the channels. One advantiage—of the 006
el ectrodes being situated on the outside of the m crochannel is t hQJANE0
el ectrodes, which may interfere wth the coagul ati on process both by virtue
of its phwedesdsosizape and chem cal conposition, do not coRETIGRIG/OS6Ht act
wi th the sanple. Furthernore, carbon is @&le to adsorb species in blood
thus affecting the surface chem stry. 30 The el ectrodes nay be any suitable
shape and si zeeamnd chwleticutypg aabssythdBrst freebgnheralsy forminpgvworcondiciiveand whose
width mght b €0 odu Q024 [ nnel .
The el ectr Ode?oﬁ@@é‘é"&ﬁ@ﬁn %?‘%ég/gt 28‘;‘%"3 plc/%:lgh é/ﬂg?\ S‘%%Fﬁ% gthgr?g‘gleg ?ﬁg@%’?gﬁﬁg@han nel
and woul d not thredavisgrhiap flopesopirol meanspperalingivis closrochsasttisderge, thp duxingt he

el ectrodes coylds@usae sieRsiANpbatibyedahlclcsd ptdREmity ESnelnoet eIThiMIfRee area
35 or just _a Z‘ | | secbl gn. ccor di n%_%o one, enbodi nent , %I. ctrodes are
provi ded of %&fé?%@c Fige L it achieved PathepARRIINgG YIresFstRHy high Yel@eethannel
which is filled w tlihe@onduetidelpbitives fomined iredccomankef withrithegneensiea evdiddwannel
for conveying t.he test flui t 6 N 2006 2/ 050534 GBA /05644 9
second channe Iuthgtsﬁdt f?’ﬁ%n %‘8‘36‘%&_‘ Y Ec%l ?elngét ar?aﬁ%?rg%\i? @hcé?r@gén?%g %Eﬁﬁmtuﬁ% oz
conductive ponakingibe abavementiesdaoterseetingphesndlearsipdeferred sindmtheecambe channel .
Fur ther nor &, W&l @ fabriicifich Echalitds bhioh cGOBL fnclTBRAS (PRRIALINY VI3

el ectro-osnotic force, the drivin el ectrodes are preferably positioned in
cl ose prodfPm melﬁlflﬂrfk“%ﬁfﬂér‘hef ts allows 5 high electric fields to be

achi eved wi t hout ap@lustdiBerbintBe esSaAMiitrschingél” verbisad 8 thannth &1 agy duedbiy e
portions formed in accorgan%e wgt? t%f i nvention cgul d be . ut i]”é(?d for an
el ect rocheni c&fOSSERLION WPOsETRRNET Hatorf dimshEioR isTessg b e g matety oPY bk ng
t he abovenent iletednicnichametstafribe plefemred lembadengntedfahe anestioncthistdimgnsian ibe

bormi 1] LgbéL%Z%f?rgr VIESSBATIR) iin oS B e Ol iRy 0L 1T 1
refers tola cHaarlesgth of theghanggh mapbeanycdapsrdisg uperothe sperdfsetestabliomeser, lilt er al

di nension is ligfgely HANHRAGHEX bIMAE 8hahneORilMe be!t\QeénhFlmcﬁnréi’@ihéBP@llﬁB.QBflt he
eferably | ess

f d enbodi ft t this d
Phan 200 m | noshwosh cheRant | FoEFBaR A etk vl ) 210 o ghaghe S e | engs h
of the channeldidmteradf 480 wiape belapgoxpdul. t he specific test. However, it is
likely that the le%%Blgm%@%imglg%%kemi%lgopf ng%é’iﬁoef@eajsé Omctﬁré n\éé)gg)fgm

vol ume of between ) | or exanp ) [otal-"vol'une o i
channel h&0i ngnanalgiesnrsies deyice4 Oithe vebimeiofituid pesuirgd 10¢eaTy Sli@h apiagrischannel s

are benefi ci alcoﬁesrpoﬁdmgmﬁ{auofln kIRAARK: bitht ARaGRethentoratbodAP Nall AAANT €
sensing devi Ces‘»émglge\/oYu?neug%er?éﬁcfialll leinccj:e riterrcllgalng gx%t Et?s gaas»{err¥o gr%E/id%g s%?f?ca}gntl S
volume for a valid test. This test is designed to be carried out using a whole blood
sample obtained from a capillary, for example a fingerstick or other suitable lancing
25  point. A reduction in sample volume also corresponds to a reduction in pain since a
smaller needle can be used to lance the skin.

It will be appreciéted that by incorporating a microchannel into such a
measurement device, accurate determination of the time taken to clot can be achieved
since even for samples exhibiting poor clot formation, the relatively small lateral

30  dimensions of the microchannels defined herein mean that even a small amount of
clotting should arrest the flow of fluid therein. Furtherrﬁére a microchannel will
require less sample volume overall and can be coiled or otherwise fitted onto a
reasonable surface area without having to compromise its length. Maximising the
length of the channel is important in order to accommodate long clotting times - e.g.

35  20-30 seconds for blood for the measurement of PT and to give greater measurement

resolution.
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narrow capillary due to the very short path length, the latter being dependant upon
the strength of the optical signal. Alternatively, shining light parallel to the channel
requires accurate alignment of the optics as well as the use of mirrors. Furthermore,
25  during the clotting process, it is the leading edge of the sample that has a tendancy to
clot first. Thus light directed parallel to the channel will pass through both unclotted
and clotted blood, making the measurement more complicated. In addition, the
optical signal produced, for example, as a result of a speckle pattern, is complicated,
and requires a complex algorithm to evaluate the resuits. Optics are also expensive,
30  requiring both a light source and a detector and the question remains of where to
place them in order to observe the clotting process. With réspect to the present
invention no such difficulties arise with regard to placement of the detection system
since the electrodes run along the channel. Since the impedance measured is
indirectly proportional to the diameter of the microchannel, very small diameters are
35  actually advantageous from this point of view. The electrodes are situated along the
length of the channel and therefore the impedance measured by the electrodes 1s a

cumulative measurement, dependant upon the length or volume covered by the
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el ectrodes in ordep=to pemuttontytdfdreespartet i ng process is not such a critical
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w dth w and | exgtiink, thiththselbamae®ebave a constant width w and length 1, this becomes

20 C=¢,e wid
Now if the channel is partially filled to a distance x with blood having a relative
permittivity g and the rest of the channel is empty, having a relative permittivity, &,
the two adjacent sections of the channel may be considered as separate capacitors.
25  The capacitance of the filled portion is

Cﬁ[[ed =Eo &} wx/d

The capacitance of the empty portion is

30
C'Em,uly =&pk2 W(l-X)/d
Since these two capacitances are electrically in parallel, the combined capacitance is
equal to their sum, i.e.:

35

C =¢,6; wx/d + e,62 w(l-x)/d

=£ow/d (F,’/x + 6‘21-6‘zx)
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distanQ% between them d. Thus it will be seen that a higher absolute
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x=1/(gr-e)) { dC/ e, w - &3l

It will be seen from the above that as well as being able to monitor the rate of
change of capacitance in order to determine the time taken for flow to stop, it is
20  possible to measure the value, x, of the distance travelied by the blood before
clotting. This gives a relative measure of the prothrombin time since the longer the
blood takes to clot, the further along the channel it will progress.

This can therefore be used, for example, as a cross check on the direct time
measurement.

25 1t will further be seen from the above equations that the capacitance, and in
particular the change in capacitance achieved by introducing blood between the
plates, is also inversely proportional to the distance between them, d. Thus it will be
seen that a higher absolute change in the value of the capacitance, C may be achieved
by having a channel whose cross-sectional dimensions are significantly smaller in the

30  direction normal to the pates than in the direction parallel to them. Whilst giving a
large capacitance change however, this might be inconsistent with the need for rapid
arresting of flow on clot formation. Thus in an alternative embodiment a parallel
array of microchannels is provided, each with a pair of elecirodes, and the
cumulative change in capacitance is measured. This can give an equally large

35 change but without prejudicing the propensity of the flow to be arrested by a clot
forming. As well as the above application there are many other envisaged
applications for a microchannel with electrodes therein and thus from a further broad
aspect the present invention provides a device comprising a microchannel and a pair

of electrodes therein. In yet another embodiment, an array of microchannels may be
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enmbodi nent, t N@W@ﬂ%&:ﬁm ﬂwmylcm@hmgl ghing tb@uehamnhlap a predeteramddedefpitions
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Again, the cosulaligih (BLOSERS, HRMuRSIPRPIYERalé JFEARMRIPNIn spbliGocnange
time. By measurement and subsequent analysis of the impedance curve, one is able
to determine the onset of coagulation.
25 Microchannels in accordance with the present invention may be fabricated
using any suitable technique. In particular, where provided, the microchannels may
be made using any suitable micro-fabrication technique such as embossing, plasma
etching or laser photo-ablation. As for the material of the microchannel it may be
fabricated from any suitable microfabricated plastic such as polyester, polycarbonate,
30  polystyrene or polyimide. Preferred polymers are polycarbonates. These allow a
subsequent laser finishing to generate a secondary micro-'or nano-structure (e.g., any
desired patterns or other finishing can be formed in the micro-channel). Polystyrene
shows preferable characteristics in the lamination process. Thus polycarbonate could
be used as the lower laminate and polystyrene used as the upper. Normal lamination
35  processes use foils coated with a pressure sensitive or hot melt adhesive to join a foil
to a substrate or another foil. Such a standard process may present problems in

conjunction with the described device. First, foil 1s needed which is suitable for the
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changes the é*n@mt@a@ngma&é VISHERPrESs- ﬁﬁ? einefatpe dnelss orihs glass ¢ he
response Si gm;ahamwteaﬁ)emlrb (B3 ofkre pdlbtrﬁérl’tﬁus mem\shmlz@fwaigm pB’ﬁkﬂrdfa| and

th | ect t al yt tl t f , th

R R A M R A
channel . For of tte polhymperdtl suppvetd tlabiotegrity dftthe fwbor ﬁaldvéfrhbdgwm;ﬂeqmlarcess is an
adhesi ve-fre eié]bgggiontb?m dibg,nrgér%ﬂso%nefboihgﬁ %E?Basggla%%fo Wi © the chip
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mol ecul ar wei 5‘1\*{665% Ries %ﬂd p[r g ‘%%F%fn&ﬁ @?qnﬂf"gs'ﬁﬁéﬁ?‘\f,\g ‘ﬁé&?ﬁ?’gﬁr ity of the
foil or fil mthefneplastic pabyrearskash as polystyrene on polystyrene or polycarbonate on
polycarbonate. However, with the right regime and temperature/pressure
25  combination polycarbonate can be bonded on polystyrene as well. But duro-plastic
(non thermoplastic) materials are not suitable for such a process.
The material is chosen on the basis of the suitability of various parameters
such as its microfabricability, its inertness to the coagulation process, the degree of
hydrophilicity, ability to form smooth channels, its thermal capacity and
30 conductance, ability to carry an electrode on its surface, robustness and so on. If
desired the material may have additionally a surface coatirfg to influence the degree
of hydrophilicity and therefore the degree of capillarity. This will in turn determine
the rate of flow of the blood sample.
Measuring devices in accordance with the present invention may be
35 fabricated using any suitable technique. In particular, where provided, the
microchannels may be made using any suitable micro-fabrication technique such as

but not limited to embossing, plasma etching or injection moulding
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devi ce coul d be fabrjcated for, ,exanple by first a Janjnation ste
JH]C strip may addxn)éma y contain means 1lo¥ heat!ngrtqle support memlPer, SO

that the blood or plasma may be heated to a predetermined temperature within the
microchannel. This may be provided on the support member itself or on the outer

25  surface of the microchannels. Such means could be in the form of additional
electrodes in electrical contact with the meter, such that heat is generated by virtue of
current flow from the meter to the electrodes. Alternatively, heating of the sample
could be achieved by insertion of the strip into the meter, the heat being generated by
the meter itself which would serve to warm up the sample by convection. In addition,

30  temperature control means may be provided which serves to control the heating
means either switching it off or on, or altering the rate of‘}ieating. In this way the
sample may be kept at a constant temperature or within a certain temperature range.
Provision of the heating means on the strip itself is preferable due to the fact that the
sample may be heated more quickly and efficiently with greater control of the

35  temperature possible. According to one embodiment, the measurement electrodes

| may also function as the heating electrodes.

The strip may also have means to detect when adequate sample has been
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mal functioning of the device. Indication of a full reservoir as determ ned
by the fill-detectign cfi&ely Hle b%%&t,%ﬁ@gu dﬁ'xﬂ&ﬂt)e#@f&%"ea%ﬁms{n‘)' unit
whi ch woul d then control” any flow operatlng nmeans to cause the sanple to
f1 ow al ong0t héntegrabngedlerap ongigad ard the sogond spbstegtyt is thep lamapated oy therapperts of

the test. In gggiihgQRhakdeamtBledVing R pPnkiratliiiMBeBberRpodC ABR NGy, be abl e
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another embodxment\,\tﬁe mtegrateg skin penetration member is provided is open on

one side. The penetration member is arranged so that upon insertion into skin, the
skin itself effectively forms a wall of the member to that it can act like a hollow
25 needle. Most preferably this is achieved by forming the penetration member with
walls tapering away from the open side - e.g. a V shape. Thus when viewed from a
further aspect the invention provides an apparatus for obtaining and measuring fluid ,
comprising a skin penetration member having at least one longitudinal side open, the
other sides being arranged so as effectively to cause the penetrated skin to act as the
30  remaining longitudinal side of the member when the penetration member is inserted
into the skin. A
When viewed from a yet further aspect the present invention provides a
method of fabricating a device for measuring the concentration of an analyte in a
fluid comprising providing a support member, forming an open channel on a surface
35  of the support member and laminating a second layer onto said support member so as
to close said channel. The invention also extends to a device fabricated using such a

method.
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Figures 1 and 2 depict schematically a device suitable for measuring blood
clotting;
Figure 3 depicts schematically a device suitable for measuring blood clotting
25  with a spiral microchannel;
Fig 4(a) shows a strip according to the present invention comprising a
plurality of channels;
Fig 4(b) shows an alternative embodiment of Fig 2 whereby the channels are
of differing cross-sectional dimensions;
30 Fig 5a shows an integrated penetration device and microchannel.;
Figs 5b-h show further views of the penetration cfévice; and
Figs 6aand 6b show an alternative configuration in which the microchannel
is flanked by a series of longitudinally spaced pairs of electrodes;
As shown in Figure 1, there is provided a disposable test-strip 100 comprising an
35  upper and lower support 101 and 103. A microchannel 102 is formed into the upper
surface of the lower support member 103. A second substrate layer 101is laminated

on top of the support member 103, thereby closing the open microchanne] 102.
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respective outer surfaces of the substrate |ayers and coplanar to
channel . The el ect rid8es may run along the entire outer length to an edge of
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Al so shown i s vathietherdewice. TS5 the reservoir will be of a certain volume relative to the
microchannel such that it may store an adequate volume of fluid in order to carry out

20  the measurement. The reservoir is shown as being of a rectangular shape, however it
may be of any suitable shape.

Fig. 2 shows another embodiment whereby the electrodes are situated on the
inner surface of the laminates. Alternatively the electrodes may be present at spaced
intervals along eithet the inside or outside of the channel. As an alternative to the

25  electrode arrangement of Figs 1 and 2, both electrodes may be provided on either the
upper or lower laminate.

An alternative embodiment is shown schematically in Figure 3. It will be
seen that in this embodiment, the microchannel 202 is spiral shaped in order that an
increased length can be achieved for a given surface area of the device.

30 It will further be appreciated by those skilled in the art that the capacitance
between the two electrodes is proportional, infer alia, to the relative permittivity of
the contents of the microchannel. The relative permittivity of blood is assumed to be
approximately the same as that of water and alising is thus of the order of 80. On the
other hand, the relative permittivity of air is approximately 1).

35 Accordingly, the overall capacitance between the two electrodes 104 will
depend upon the proportion of the microchannel 102 which is filled with blood. An
alternative estimate of the prothrombin time of the blood may therefore be obtained



into which the sanple initially flows and a sanple inlet port:106. ?%@6
the inlet port is substantially level with the mcrochannel and th

reservoir fills by capillary action. However the sanple inlet port nay be
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Alternatively the reservoir may be situate@dgl10 externally to the device such
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e
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PCT/ GB01/ 05844 cqagumome’é@ﬂmdn§mhdem the device h& siwpmontFagu‘i@ it Wi ke segn
calibrated enpif,cRkd MaRORLMRI Bfof a layer 116 onto which a second layer is attached or

laminated (not shown). The lowermost substrate layer 116 comprises a moulded or
stamped microchannel 118, as well as the integrally formed lance 119 arranged in
close proximity with the entrance 103 of the microchannel. During manufacture, the

25  microchannel 118 may be coated with suitable reagents, such as prothrombin, which
can be applied by any conventional means, such as printing for example screen-
printing or ink-jet printing, or spray coating during manufacture. The uppermost
layer 117is attached to the lower surface such that the measurement electrode 1s
positioned on the underside of the formed channel. Alternatively the electrode may

30  be positioned on the outer surface of the laminate 117. Not shown in Figs 5a-c isa
reservoir for collection of the liquid, fill-detection electrodes, vents or heating
electrodes . A vent or vents may be provided at any convenient location. Also not
shown by Fig 5a is the other electrode, between which measurement of the electrical
parameter, ie impedance or capcitance is made. Electrical connection may be made

35  between the ends of the electrode and suitable connection points situated within a
test-meter. The upper layer 117 may be slightly longer than the lower one 116 to
allow access to the tracks 321 for this purpose. According to this particular
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Figures 5d through 5g show alternative embodiments of lances for
penetrating into a body-fluid laden layer of skin as an alternative to the embodiment
of the lance 119 of Figs. 8a and 8b. In Figure 5d, the lance 119a is an integrally
formed pointed protrusion from the device 115 (not shown in Figs. 5d but identical to

30 thatin Fig. 5a) with a longitudinal capillary channel 121a cut completely through the
thickness of the lance 119a. At a pointed distal tip 125a of the lance 1 19a, the lance
119a is provided with an enlarged area 123a of the channel 121a. The enlarged area
123a also i1s cut completely through the thickness of the lance 119a. At its proximal
end 127a, the capillary channel connects with the microchannel 118 of the device

35 115 of Fig. 5a.

As shown best in Fig. 5g, the embodiment of Fig. 5d permits fluid to enter
into the capillary channel 121a from opposite sides of the lance 119a and with the



6 JAN 2006 WO 02/ 050534 PCT/ GB01/056. 14 20 enbodi nent, electrodes %r@(ﬂ 006
provi ded at spaced intervals along the upper lamnate 117. Alternati %
one el ectrode provided substantially in parallel to the mcrochannel could
be provi dedvobbsskhown in Fig 5a is the "counter” el ectrode pomGEh/sey be
provi ded at any suitable |location on the Igpwer or upper lamnate 5 116, 117
consistent with the earlier description, i.e. on the inner or outer surface

?L t[le i clzr1 gCh@ﬂE&Hhe khn\&obxberﬁlﬁ]g{\mﬂh fHRAvdIR o tHellhsde! 13Da td@dfink g eh@m&? t119 of
e strip in Fi sentia ed i.n cross. sectjon _and tapers
towards its tipgh Wﬁqﬁﬁ%aﬁg dttﬁg'f ca'\/ﬂ‘f&'r‘l%}”tate ’E%P&%)&H'P%af’fﬁr@t’ﬁ?'é‘} Qoﬁg’é’im thegkin
123, as i s showwoling Bregu2da Einq tHelvepil laxy cshad:@ 120 fwélhas Now drrecalytfamk thee
portion of the i fdddcafiflfs! e'i“ifzﬁaofoﬁjg Mt b Aldlipet 1787 11 N0 vl

123 of an enclosed channe 4 us an o
transforned? nto a cllndb@mm@mh@fﬁlgurﬁ§e,|anlgmetlé&bumfca ddsign. SlﬂIfHﬁlrsIOa}Htoﬁrs

fluid to be drgpnsdip shmnsaaémmdmﬂgaﬂe &egefwomga@adzwtghﬁahﬁnsm 6f @channel

118, w thout havi to a ver i ne ow needl| e em crochannel
118 ey a1 ee DaOREat RS PaES ARl SE P EES BN i EdRIari Bt
fabrication, but ddBitnits fabetatbgsiaatedte fiSmde&zBpars;eme baseofiehber 196iaght | y

nodi fi ed enbodl rrent an m cr

rectangul ar pr ofiee | % 11'9% ﬁgls)eca'gFe gﬁmpeqmﬂom 1ca I &0 UCPV? l“aL 'aﬂﬁ%@?‘ﬁs t he
test - devi cd0i nt@ses, thetbese membeemabe meﬂyc;trctdhem dsttricalyi @mdntay/ediasmdylbéxe

| oaded ei t her aﬁ]de}arﬁ:'grégff tf)é‘gtanc})?édi ?rgmontnetaﬁas d%ch?oeH lopfcﬁ’HeEXn &ﬁé’ﬂ dcEebtabl

i ndi vi dual Iy package cassette, into an I ntegrat ed neasur anent and
| anci ng devi ce.MImMsr (%&rplioﬁ%frﬁiem"é‘l“bfé?ht%é% me@k$t?F‘<\/\W‘FW1@1hE‘aFlanwé of pther and

sanpl e i s made fabridati ,tedhmqtre MW hidd trﬁ@wctri@nycaﬁum\s batsemqiargé}alsmhdelm
formed by the | nnel 1

1 2 e mcr
preferably via® a?taf”i’l%‘f’s S‘?Jé%glc%ﬁj? g‘ﬁ%gf Hl(jgei% ’h ﬁéetc% mgtel % S 1o’ exlafﬁpq ate
fl ow of sarpl e gaid,platiman?ér siiver @chamdelith Adigectes ifsdlatdr ough 5g show

alternative enbodi ”Eﬁ%%gr na{"%&?&égﬁn ﬂ%ﬁfﬁ‘% Bé’ﬂsgl ne%g l‘;n?(i!]pan?ogxm ‘Iﬂ%g | aden

| ayer of skin as ana Bf Fi gs.
8a and 8b. | n Rirgigrablpene piges ofshess metalghheg Igetahlsmmfergbb{l, byt not bmited| tgoi nt ed

protrusion fronihresdeyd epidnkdy chatd W‘Mhobﬂ: héet@Ssuchds EMH of SR T @l to 30
that in Fig. 5a) a cu}lﬁcorrpl etely

t | |
t hrough the hebé’ﬁé’é‘s‘ﬁ%L’aSFﬁ eql oL ﬂneA?nr*é ‘ﬂaaﬂggﬁfoaﬁﬁ Y& SUCP3s 3385l of
'the | ance 2[)1985tr1}5 beuld aa@mch&d9&g|5$h}1arIm/slﬂad awtdniped pepéitatiog @tbnibeeavitha3a  of
the channel 121]gatta J]?er it ﬁr&ﬁ%g%is%%nég%aa @Agﬁ?a%ﬁre%}é &R UG Shee AllGQUAN

t he thickness o
taken up by the lance 83 into the sensing zone 82, the flow of fluid is halted. The

vent may be of any suitable size or shape.
Figures 6a and 6b show an alternative configuration in which the
25  microchannel 300 is flanked by a series of longitudinally spaced pairs of electrodes
38 integrally formed in the walls of the microchannel 300. In order to form these
electrodes 38, firstly a series of parallel channels 34 is cut into the substrate material
302. The channels 34 are then filled with carbon to make them electrically
conductive. The microchannel 300 is thereafter formed at right angles to the parallel
30  channels 34 such that it intersects them. This creates the opposing electrodes 38 on
each side of the microchannel 300. ‘

This arrangement allows the progress of blood along the microchannet 300 to
be monitored by measuring the electrical resistance between adjacent pairs of
electrodes 38. As the blood reaches each successive pair, the resistance will fall

35  from open-circuit, to a value of the order 200 kilohms. Thus a discrete reading for
the distance travelled is obtained. This arrangement also demonstrates that the

electrodes 38 may be allowed to come into contact with the blood. An inlet 206 in
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at right angles tqo the paralle
sample 1s drawn initially into a reservoir via the sample inlet port whereby fill-

detector electrodes will determine whether enough sample has been applied. A flow
controlling means will then allow the sample to be drawn into and along the

25  microchannel under capillary action. The flow controlling means 1s activated by the
fill-detection means such that the device requires no further input from the user. The
fill-detection means could also serve to switch on the device. As the blood flows
along the microchannel , its contact with the clotting agent causes it to clot. This
eventually arrests the flow of blood part-way along the channel. The two electrodes

30 101 and 102 are connected to a measurement circuit (not shown) via connections
106 at the edge of the strip. This circuit is used to measure the capacitance between
the two electrodes. This may be done in any way known in the art e.g. by including
the device as part of an RC oscillator and measuring its frequency (which is inversely
proportional to the capacitance). As the blood flows, the capacitance between the

35  two electrodes 104 will change. A measurement is made when the flow of fluid has

stopped or when the rate of change falls to within a predetermined value.



30 channels 34 such that it intersects them This createstthe;opposk??

el ectrodes 38 on each side of the m crochannel 300. This arrangene AN 2008
t he progress of blood along the m crochannel 300 to be nonitored by

measuri ng twe oloswstsi cal resistance between adj acent pairs ofCT/eBerdsedes
38. As the bl ood reaches each successive par, the resistance will fall 35
fromopen-circuit, to a value of the order 200 kil ohns. Thus a discrete
reading for the di stianeeaat pevebheth tise akbaireed.divided bpa hangasaipt fagds he

denponstrates that the, . el ectnodes 38 .al.l owed t one into contact

G th Ehe. bt oot b st gl DR TR BRiRE 158 Bankd AR atheelnts 60B5S " 22
fluid communi cathaomehand hetpnepamiesrad dheacining iagerpr Bhd wedlt,on therfoeroérinor surf ace
of the support I [P : jariachannel
Such that oy aieaRah B aeORdr AR fpALald offfrofibm B (rhew BLiRCEATE

i ngress of the dispipyed onpygadapb ot gk be positioned in any suitable place

al ong the m crochannghyipbe hfiftcdiNBE bIBOsE siBedin thBartanst Wit &md banenseal ed
capillary. A set of. osi tjioned al ong

tal|lic strips or wires 209 are
ei ther side of W%%“WF%P&%%@HW@Pfgﬁd“YﬂﬁwsF@HﬁpFﬁ%“j%ﬁﬁgﬂ?"WW€§gwmhjres are
thensel ves i n elegeriiidddAlgreatendenll, thetetaramany differemvhAsichs 220 ndbaiigriess tbo be
connected to t net er.,, These cqont act s y. al so serve.tq heat t sanpl e or
Che i crochannBFegiecaPier b0t e il re rhue fr i Ra et Jpdtihn if oM
al ong t he |@adsthe ttixig énesatfifinedsyothé¢rgharn thpge efbfodskt heat ed by conducti ve
strips within or on the support as shown in Fig I(b) Figure 1(c) shows an
al ternative enbodi nent whereby m crochannel 205 is positioned on the
support 200. As an alternative to the inlet 206, a reservoir may be provided
for collection 15 of the fluid sanple As shown, in Figure 3 the reservoir
is positioned on the top side of the strip and designed to be in fluid
connection with the m crochannel. According to a nethod of the invention,
the test-strip is first inserted into the neter such that the contacts form
an electrical connection with the corresponding contacts provided within
the neter. A sanple of blood is then applied to the end of 20 the -
m crochannel 102 which will then flow al ong the m crochannel at which
sinmultaneously a tiner is started and the measuremmt commenced.
Alternatively, a sanple is drawn initially into a reservoir via the sanple
inlet port whereby fill- detector electrodes will determ ne whet her enough
sanpl e has been applied. Aflow controlling neans wll then allow the
sanple to be drawn into and al ong the 25 m crochannel under capillary
action. The flow controlling neans is activated by the



fill-detection neans such that the device requires no further input f &%g
user. The fill-detection neans could also serve to switch on the ng%@g?
the blood flows along the mcrochannel , its contact with the clotting
agent causes it to clot. This eventually arrests the flow of bl ood part-way
al ong the channel. The two el ectrodes 280 101 and 102 are connected to a
measurenent circuit (not shown) via connections 106 at the edge of the
strip. Thig.circuit is used to neasure the capacitance between the two
electrodeéjﬂﬁﬁis may be done in any way known in the art e.g. by including

t he device as part of an RC oscillator and neasuring its frequency (which is
inversely proportional to the capacitance). As the blood flows, the
capaci t ande betAwdence foe tiismeasnreshent of othtengl Gmesvof b flolid peraprisingremdénletenent s

made when t flow of flui.d has . stoppe I en the rate of..chan falls to
i thi e g P e fesopdirihe TR sARPBGSE iseBoT RS 7 B, *23° the
actual pr @i h&RMR 6f l%ésm‘haﬂﬁﬁﬁﬂékﬁﬂatél? Soumd et et doRaAh ALl Tofskciias wgth, the
time in which normal bl ood would clot taking into account the di mensions of

the chanthe atdeast phemprophanngle andat leass two glecirpdesasifunted aling thedapgth of n t he
formof a | nt ernat i.opal _Nornal.ise ti.on {INR) . or | u f .prathronbin
t e vout deoBReSRRNE D Berebb B JBE0 e IRobabh - Canf B R ROt e
by those skhpleesbé frahidpertad thetdabdngdyi dapillaposttionand ReredoitRnhietpore samdi ment s
of the inventive concepts disclosed herein have been described in greater
detail, tHuegatgd pengiralionideyise don popgiration; iptesthe skinraid ysee fricoHsction oftthese
possi bl e. 4@5@- evices in accordance with the invention nay neasure
10 the cl 8%:@{1%8 |n%aa§np(% " fluids other than those of blood. 6 JAN 2006 24
Claims 1. A device for the neasurenent of clotting tinmes of a fluid
conprising an inlet port for the collection of the fluid sanple and at

| east one2ni cr dcAaiefepeaRrding do (chimr hvhers theidectiodey arecalsdifierng dgnsthsxi mat el y
500m the,j nl: in fluid connection with the at |east one
nicrochanﬁg?%giﬁﬁﬂg%mhgast two el ectrodes situated along the Iength of the
m crochannel, wherein the at |east one m crochannel is configured for the
fluid sanple to be transported fherealong by capillary action and wherein
the inl et Sport 4 4eVisf anﬁfcﬁfgm elgimdny Fr8 i reeEaes arg o uatrdnon FISHINBF into the

skin of a usek Jte ARkdBGhdpn of a capillary fluid sanple. 2. A device
according to claim1 where the electrodes are of differing |engths

4, A device according to claim 1 whereby the electrodes are situated on the outer

surface of the microchannel.

5. A device according to claim 1 whereby an agent for the promotion of clotting of the

fluid is situated on an inner surface of the device.

6. A device according to claim 1 comprising a reservoir in fluid connection with the

microchannel for collection of the fluid sample.

7. A device according to claim 1 comprising a plurality of microchannels.

8. A device according to claim 1 whereby the area of cross-section of the

microchannel varies along its length.



and size dinmensions. 3. A device according to claiml where the 6|e%5¥895ﬁm
are situated on the inner surface of the mcrochannel. 4. A device
according to claim1l whereby the el ectrodes are situated on the outer
surface of the mcrochannel. 5. A device according to claiml!| whereby an
agent for the pronotion of clotting of25the fluid is situated on an inner
surface of the device. 6. A device according to claim1 conprising a
reservoir in fluid connection with the mcrochannel for collection of the
fluid sami e.A devigedeogprdingée sldiing wheiehxithe Imiceepanngln grea op different y  of

m crochan terg- A device according to claiml whereby the area of
cross-section of the mcrochannel varies along its length. 6 JAN 2006 25 9.
A devi ce according to claim7 whereby the mcrochannels are of different

dianeters. 10. A nethod of fabrijcati nq a device for. the neasurfzrrgnt of
clotting tlpm“sms%hOé orf|f@hrwatle&ﬁﬁfw1§?ﬁg hemeptussmens of clasing e of # 8utd on of

e b dcaARRkiGe Al hERS: ReEbRGIAMIChuY {dhndle | @liadleadl eiNST O Of
| ess than ap igmate eln et port Inf connection wth the
at | east ammochambhwnthla ladgrdl dlmdne]@atoftlm thhe appocasatelyi 5anmadhalndatg t he

| ength of the qhﬁiochannel Ereip the at | east one m crochannel

confi gur e@°Ftdh CPMEEOTs i) tAe ablegst 4 pugreciarnelgand al lsast dwg Sl ré’giﬁ | lary
acti on, t@ﬁuatéaealbfegafeq%ﬁ o fig n%R)‘éhQMéH vehefdifl Bfc 4t MENGEmicRdhhR{aly 1 eating
said |aninate to produce a m chochannel’, a fluid inlet port and optionally
afluid cobhiégurcdnforrthséhmbsamplepo dei tdampprwd hhblealtongdbef capdhlgy atteon, éregt h of

t he m crochann E{low di ng a secF gl nat eB;,I{\‘ ﬁir’] gjgtlrode pJ ovi ded on
its surfad¥t C?’Q §88 i R1gvidHiey a1 fiisE Jargipge, Juie ﬁbrfcé amip termat hod
accor di ng pkQiueé ainmcACHARE €1 AR il @@hlayldf qm% fgid édl'Ect‘i’derefsérlvblr

detection rreans are provided on or with dévice. 12. A method of
measur i ng prvediog ot ¢lagiradenslongfthe l¢ngth @fdbﬁ!rpmlpmchgmehtpromdmgng sgconglapi | | ary
al_dinension of t.han

fluid sanpl e into. ochannel th a later l.ess
appr oxi mat 81 ‘;‘}at%o%iﬁﬁb%}l glfgﬁt[r?cfapgpvgyfl 1§i %‘ré ¢ janfl eminaring seg fi %ﬁ ¢ egr at ed
W th the spdoptoshianese! and that is a penetration device for penetration into

the skin of a user for collection of a capillary fluid sanple, whereby the
total distance of flow of the fluid wthin a mcrochannel is determ' ned by

a nmeasur eg‘gr tiA‘ OIHG%']Q& ta{gigcgrlgﬁlgg{? eclagr‘;jl CIIOt aﬂere al dltlongﬁ?ye %QVC gorﬁrolltupge arfl led to the

unfilled
detection means are provided on or within the device.

12. A method of measuring the clotting times of a fluid comprising introducing a
capillary fluid sample into a microchannel with a lateral dimension of less than
approximately 500um by capillary action via an inlet port that is integrated with the
microchannel and that is a penetration device for penetration into the skin of a user for
collection of a capillary fluid sample, whereby the total distance of flow of the fluid
within a microchannel is determined by a measurement of the ratio of capacitance or

impedance of the filled to the unfilled portion of the channel.

13. A method of measurement the clotting times of a fluid comprising introducing a
capillary fluid sample into a microchannel with a lateral dimension of less than
approximately 500um by capillary action via an inlet port that is integrated with the
microchannel and that is a penetration device for penetration into the skin of a user for

collection of a capillary fluid sample, whereby the speed of flow of fluid within the



13. A nethod of neasurenent the clotting tinmes of a fluid conprising 2006
introducing a capillary fluid sanple into a mcrochannel with a la éf%ﬂ

di mrension of less than approximately 5004m by capillary action via an inlet
port that is integrated with the mcrochannel and that is a penetration
device for penetration into the skin @ a user for collection of a
capillary fluid sanple, whereby the speed of flow of fluid within the 6 JAN
2006 26 microchannel is determ ned by. neasuring the rate of change of

capaci t an&¥CTgFhannRl, i JRICEMINEd | by mRasiiing e ekl Fhget R EAR3EANG i mes of a
fluid conphp&iafg i ntroducing a capillary fluid sanple unto a m crocharne
with a lateral dinension of |less than approximtely 500m by capillary
action via an inlet port that is integrated with the m crochannel and that

is a penetrat]on gdevice for.pepetrat.ion intq the. skin of a.user .for
col 1 eot 1 o torh e pf Grepirirh e cliline Mg ab ) TR HEOEBE Rt ¢ of ¢ he
fluid w tifladkhguill GEthaRReh hirst@hidN et abtiBagiicnsidnt felesatinof change
of capacitance or inpedance of the fluid.
approximately 500um by capillary action via an inlet port that is integrated with the
microchannel and that is a penetration device for penetration into the skin of a user for
collection of a capillary fluid sample, whereby the coagulative state of the fluid within
the microchannel is determined by measuring the rate of change of capacitance or

impedance of the fluid.



