;e3e| ]|, Fr,6bTlI WO 02/ 0SCS3.t PCT/ GB01/ OSfi ~~ Device for Measuring Bl ood ,l"’ :
Coagul ati on and Met hod Thereof Field of Invention The present invention =
rel at es WO 03/03B8¥ ce and net hod for neasuring the coagul ath@/GBHOSeHs of a
bi ol ogi cal sanple. Mre specifically, the invention relates to a disposable
test-strip to be inserted into a hand-held or portable nmeter which is able
to display the 10 results of the coagul ati on assay. Such a device is
sui tabl e for homne- Desice fier Mreapwiimg Blvpd (2nagnlaBao leonddVinthodf Thdneofl nvent i on 15
The ability of the body to arrest the flow of blood foll ow ng vascul ar
injury is paranmount to continued survival. The cess by which this occurs
is termed haenostasis and is acconplished by tﬁ@”m”mmﬂﬂmm bl ood

+ coagul at ison Hielddifngventioh or mati on of a bl ood cl j sis. A blood
clot consists of a plug of platelets enmeshed i n aGoedwor k of insol uble
fibrin particles. Wiilst formation of the clot is 20 essential, the
* persi st ence fe prassht civentonwelated the dedeg@ardousthod farmecabardhy, thE boepuldtionor der to
m nim ze da t .t ' . Ser '

"@a6rs'dt 4 H?glogfaglysaﬁlfﬁgcie.n'f\/lg&r?ﬁ%e%gﬁ%gl&,qg VM rglslll?nti r%é gYsgﬂsga{ebie?

pur pose, healt cel | urrou rel ease p

h
fibrin, thert@ftotdn @bkedsaricddnte adapd-geld onporatde metas wivglois aBlejte display dhe t he
| eadi ng 10ausesul8lofdeadoagitalidlassle Sdutea Hevitdne shitabie ffr hBheasksthg oY bbidk oPr gans
and tissues being bl ocked by 25 bl ood clots. Thronbosis may occur anywhere
wi thin the éPF%ulatory system however it can be especially life
t hreatening when this occurs in the | ower body, heart, lungs or brain
resul ting iﬂ&ﬁﬁgﬂmﬁﬁbpﬂkﬁﬂﬁﬁﬁgﬁis1 acute nyocardial infarction, pulnonary
enbol i sm ana—actte Tsechentc stroke. Two pat hways or coagul ati on cascades
|l ead to the formation of a clot, known 30 as the intrinsic and extrinsic

pat hwayss THEgebil opaelBidy o st thei flowab sl ofy foloSing WdscBCRAM &5 but

converge al ong a comon pat hway. t formatiqn .in.response to, an abnor nmal
vessel wal | Haﬂar?%g’?éoo%oéwgge(g‘?w 1iv§lgl1;ge PIOPERe Y i Wighhihis QeSS mehe i ntrinsi c
pat hway and lekembsthgs amd isaacamplishepbynthe pracets sfhlieod cyapulgtioslehdiag tesul t  of
the extrinsi . i d

i nvol ve a nu%rgé;lwgl%%%blﬁbfe?lgﬁggwoﬁﬂgg gl%g&%ﬁg\;ﬁ\f’] cgésqsc}%/gﬁ/P 'ﬁ‘g%?g@‘%%éeﬁg Peopl e
who suffer fangieshedigiagetwerk\od dnsgluble ffirinenpsicdesa \ehijsafarmatien pfthe clohise

under gone sWsgintial, t ReasdenRof 8lich @bts oild &fdael%gx@hmitﬁgb&aﬁom@,l ipt s that
may result in V1' O.U2/ ; ~ 2 f'e- t,hr eat eni ng

| . f1;3-1 PCTI 1/ life-t

clinical corfifi§tg unintge arfagsp éheat?og)[ ﬁéﬁefﬁﬁ%ﬂowm%ﬁe&?ﬂ-‘?hi nni ng or
ant i coagul amurphsagsalthpveissurrotiBngatio ghut raléasaptasmaamudigast fibmn, ttherefore
bl oodst r eam : i at@) nr: r.doevel i i may result
i n unwant ed d(':[%%%vtl?%ﬁth%% }g{)‘wg\%&q%té%%glgf%sﬁlt% Ehdlﬂgggrrjgkér %[;de?tr?g. As a
resul t routiMeldydgdrato tbﬁﬂBW§€rbé@ﬁiitﬂglt@1é§g@5ﬁa¢élS%@éhelaé\b&cgﬁpbwi n order
to eval pat e Hlbad G16RIVhdtibRELs SladldeSurGhy Wha@tvitin easidBatofy Mt lholRagur e of
coagul ation.is the so. ?I l.ed prothronnhin.tine (.PTQ test he PT test was
first devel dhith breshepiallLli thraghing AR this PErsintlc looyer Pt BeaTt B5ul at i on
time of bl ocw boainpésalting.in Thesvaimthrombasi ] ecwde myssadmirerfidrctidn, phinaaty i nsi c 10
coagul ati on e‘?x%otﬂ?éﬁ%anﬂanﬂeﬁse%ﬁé]ﬁictsir}ﬂ@e.t0 factors I, 11, V, VIl and X. The

y a

test is performe Ing a clotting agent such as thronbopl astin and
Ca2+ to a patientT¥anphwagner Geeaaanangseades kepdrio theformatien pbHi piat.ikeawn
Por t abl g0c0aguh&ink@isid Al dx@irksic 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.
Pcople 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
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such as the CoaguChekPl us coagul ati on neter have been devel oped which
measure prothronbin tinme using non-anticoagul ated capillary whol e bl ood
froma fWOgawsSs£k 15 or | anci ng device. Such noni tors hPE/GBEANSeEHoWN t O
be a valuable tool for patients on longtermoral anti-coagul ation therapy.
However, the traditional expression of PT test results is inadequate for

i nt er nat i onaife-thragening chnibd candi onh Suctapespls ate p&nnl tragted Withebloval-thirmind  t he

{ hrombopl asld: AntitRgllaliird sh@ﬁ)v\le%@rdtﬁe b SERRb AT if (e n%dafd%éﬁﬁlona"sed
20 Normal i sed I\& ex ressin r ot In tine, where:
INR = (PT rapysps Sla”imé%atlthﬁ pﬁoge!tlﬁéelaﬁqpélﬁhlﬁamﬂbfﬁép sewavanied elgttingdex and PT
ratio = Pat ivaifst ﬁ)ol?.Tﬁchl\&anedunnﬂahed?a?r}&@lnﬁhgs hS&smt&od@{d dcﬁgulfaﬁ@rmthe
callbratE i q ¢ nq 1?*}? obt ai.ned usi ng
a partic |aﬁ°&eﬁ?'8%°3§ ook BreH e b et ke ﬁaé‘éﬁ FaLIRE of vy

i nt er nat i ondloadefrglasne preparation for thronboplastin (human conbi ned

+ 67/40). A particyl gLe fﬁYIqLéhPsueroflc% WMo s g@iﬁg%al'lé?itﬂ'oﬁ?ﬂﬂbﬁﬂttlrﬁ@ﬁ’@?&s&i cul ar

30 net hod and 'Efyrp |n use I'S asmg eac system
wher eby eacHhp l&%tu%asCfaﬁt %elpp%fhgu 1988 and measuesstha Hame dagteidindueado. By

enpl O|y ing | N\?\% hudﬁrttrﬁe ghﬂUb%oﬂtﬂas’t?J ThisCafro\lidd dh sediiehif ‘ﬂ?ﬁ@é’y‘”htﬁﬁeh o]f
coagul atjon whi is in ent o ot her nethod o
meagur e:]rgnt °8?8L§?}h°é’und&1‘?’%ﬁaﬁﬂds P ttooﬁ‘figas gyﬁy%ﬁﬁ“qd% @ge NS Act i vat ed
Parti al Thr getfophabkty addgrecldesig ag@RFigh asTthrambiopéistin andCaasua pataht t he tine
of coagul at 'sﬁ’ﬁgfeh@g n?e%%ﬁ@m@%ettﬂ?clb%%?idn FBﬁ%glx\@é/aé#ﬁati%ﬁtrﬁ%%?sd This is

achi eved by acti vator eiln
presence of suchygs the ppgulicE®Phisoapatianguster ’é%[le(heafhﬁ‘tﬂ@eéhﬂ"%@%ﬁﬂtﬁ | pi d

(partial t hrpﬁmmtﬁﬁtm)usn{g%ﬁ anacmawtmagnmmheleww fidrh |a'Tﬁig@rsuck
coagul a E thway

and X eV B Do TaLH R 1318 Peg Tieoe taPeanaBRsSBHdP! BHESap! es
pr ot hr onbi nohdo:hmtecmmnﬂrmeeboagulmddﬂthmby n, which results in clot formation.
5 APTT is used a%{c%vefvgptthé‘t‘?a&lﬁﬁal E%reﬁ%’ﬂ'otf%' 84 r&%ﬂ§‘§§ Ba&é&ﬁ%@w during
sur gi cal procedures, preoperative screenin

t endenci es amfarrtabor@@%@@amwe b@c@sathe V@bwg)émﬁéetpem thetatyseof dgt * s

lcoggul ?tl on (iebaiLe asth?h%dt 4213 hh§1es&mmabyo&@ﬁrom¢Iﬁt&ndnltohansb@ ce% Iral .
abor a Y. e S es rese e e
Ay Tedh  Nprrelispadferor b st Wy o pERting HESITAOPEL Bt Sbetb e dur t ng

procedures that involve the dosing of high amounts of heparin, such as

per cut aneou ra al ' t J

car di opul rm?na?y yp%?gpsuyggeggﬁf’%}é %‘Pqﬁieogtgl Slyeggl?grg@dﬁ?glgaas one of the
best | aboratory tests for the control of heparin therapy, both for patients
under goi ng tP’Iex%hHEfItathﬁtf’s phrveheRshellipg di sease and for those on

extra- cgr poreal circulation. For those patients taking heparin,

pr ol ong Pion of the ACT is directly proportional to the concentration of
heparin in bl ood.Thhtifbisaleringl fremithgaalibeationdind ofi tigentiesif Y for a 20mbeeoidosi ng
of hepartn MRl Wdind PIRGES batfiblad rAMIBAsAALERLs HBVPERY B mati on of

seri ous henorr aglc CcO
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 1s activated. This is

achieved by the addition of an activator (kaolin) to the sample in the presence of




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

cont i nuaWPOyW20&Biphose the bl ood sanple to | arge anounts ofPGIIGBH/STHe

MAX- ACTTM t est has been 25 devel oped by3 Hel ena Laboratori es which overcones

the need to invert the tube yet at the same tine providing a | arge exposure
to glass by (ta#eu'ug@]s&nda»aam)bm(pgrla@browém@snmmww i uTgdrie eYalyate tHeTY 30

This test naa&msa&oa@lﬂaﬁ@{ﬁatmayf@m@nmcqme@fhearaétb;@nln vl vmlm X, 3§ %Rg Oy the

t ft f trol. Th
oot s er PSR Bl a0 o PO e BOTRRES S e W erison e pampen: o
pl asma t hat thds cbemmedepmltlmembof whlicii resudtssn alodfommasen.i ng the tinme for a
- clot to form It kg Tl?seﬁééd%l?gf'qtffﬁxe hddy FofP%o%'nt%‘ﬁﬁ[gﬁép%nﬂft%g'?éf&”}r@gsﬁx?%?%d -

i nt ravascul ar coagu ation

the central RTEERSHERSORS)A PICORARADR/SUSEERE !LCSP@TbGBﬂlIn&MUQIenmes and@ haesess thst s

* Cotting asaa&sallr@wq)emﬁaoﬂmwbwd Wi lichayaeh, PG Gdst 15%059’&?] ys such as
factor VIlla theﬁ | Icatlla\éﬁ of factor | X deficiency. Another exanple is

an assay for“ &ty i ’Ielcemern "¥Y¥stitutes a test for haenophilia. Cther

tests include assays to measure the levels of activation peptide factor |Xa

antithrngl Na ctRaRlE 1Bt R offle REQL Rl S. | mmunochem cal assays have al so been
devel ope o—rdvnrﬁ—y—aﬁginmrﬁe—t—ﬁe various narkers of coagul ation and
t hronbosis. 10 Various instrunments have devel oped for use in the |aboratory

and as POCC. In addiit fe@freb@nBI e Amteﬁ%n@?svlﬁe@&%oﬂ% PRegh whi ch al | ow
the patients to hone-nonitor their blood c E‘b t|on This Is espem ally

useful for PRAPURTY ShARYS dirinepropssiissthat mvahteithodeningef kigh amernipgt such as
war f ari n Varliepaisn,tsecihad ppu@sareoes @aplunyies cbfnnafyemgi'@ldsbom:mmul ation, as
15 exemqlsi fi . el ational ,Techni dyne

Cor por gﬁ ion, cggj Q&'Ilgl\sggzgyz? p ;?S%ﬂég[tﬁyugﬁgﬁgﬂﬁ[gg i r\g d%r‘:"geai;"fOSFr%kr i ggcoagul ation
time test oda@fb@@b@s@&rﬁh@?%@ﬂ eblepatie thﬂf@ddb@tb foramtisits ewdérpoioga capil | ary

via a reser W%afmﬁiﬁ&QﬁﬁﬂnB’MeHﬁbﬂc Bisélise RRP RP kIR E HH ghdLcor -EBPeaF@lgﬁkaglng t hen

caused to r procal |. thin the 20 c
transverse l%‘{SFlpétl‘ g@ggﬁpar&aw%ﬂ'%olf)% @%Flﬁ“ﬁé P@Pﬂ‘é\?éaldecurred
when the ti rthe C(mpantlra&d)ntdf htpaainsiv dicd. Moaotoeag fd lﬁimdaﬁteglldamderﬁoﬁng or

pr edet engi n n.t r S6 06

assi gn ed 6; oeq-le rmglglg %tf%g%}r{sngp srcrg%&]g%s?ecnﬁeelp ulgéétﬁ(ﬂé%lf ?lrnamén d’év?rgbahgﬂ &t est
card for théeft@laﬁs}lﬂn@mﬁgw@pndlhen%oagul ation or lysis of a blood sanple. The
25 sanple is causgg dr 1&&?%@0&&1}4@12@(‘ @gfa&qqgcsw1t%'c§h%erﬁ%ﬂ§&l&ear¥dh?wﬁpange in

i npedance correspondi.n % Of_viscosity of t le as it
clots. US4, d¥6°%5 toalgg?rbﬁl@ qog tebereFemn Lis 3 pespnds < S&gfﬁé%??'&!ﬁ‘“a'éﬁ ECKRASEs an
optical detaht blond BEmpledo faoge amlmbecB@mnawmnmhmetwmmbmntl me Wnereby
capi 1 any acll@BplPuy'Ben Pa %aa\svngs RRERSELIMOHe HOLHIRN AN e LYl faoarm! e

into a réaction parti cl'esS are cause % the
sanpl e i n a thesams ome pravidiog atlama@ emoeurpr&ealaagtmtéc o8k nyaddmoaislcglassatl ng
magneti c fialedds Li ght is shone onto the sanple and subsequently detected.
The point of coagulation is determ ned fromthe change in degree of the
magneti c particle novenent.

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.



W96/ 00390 di scloses a fully disposabl e single-use device for determning

35 blood-clotting activity whereby the distance traveled by the sanple

al ong a WOM¥¥S&ubstrate is indicative of the clotting tiRE/GRBRF6H39, G17

assigned to Biotrack, describes a method and capillary flow WO t12/115053

PCT/ GBOL/ OSG. ~-4 5 device for carrying out nmeasurenment of Activated Parti al

Pr ot hr onbi n@r_h?fric_i‘i&PTT) analysis on a capillary blood sanple. The clotting

time is neasured by the cessation of blood flow in the capillary. The fl ow

rate may be deterqi ned gaow or ﬁ e sure nsors. Q, wi dt h of the

capillary can va tf’f‘%ﬁ?%yb vE ety crapg i ”ar%sarpﬁr i\fa¢tarsush aho nor e

than 40ul. Ahdt@rVilla thet iy indidativief fatoplX$ deﬁmém}'nﬁnpanet &xingsle rsfdncwse@an be

- det ect eds by ec e fromt

't or act | on fatagoy PAEh bl JAEFE PR R Bl AR O d3finso

particles i metaﬁreeélwdpwla@ﬁmthaw Pepﬁée fé@mtl?(é,rmwﬂpométmvem’tem Kearchangi ng

* i nrpedance ofyr@eial®tting bl ood sanpl e has been studr ed (Anerican Journal of
Clinical Patholo 67. 47Q-476, 1977 nt, of the inpedance of a

bl ood sanpl e ove?‘Y’m“r‘r’@C%ﬁsc shays s arlsé’i‘i?F’!t‘vﬁ éaéf’rreefmnd\recqserﬁ esenting

t he vari ous tipr extiess atrkens mfrmagwletmbmhﬂdrth@niﬂoetstr ng Measur enent of platel et

aggregatjon 15 Pl atel S nent out 2-4umin

di anet eﬁband are pr es?na?logg .‘?161]?81]“9%{5 ké\; de%glope({ %f'e 1(':10%?’1 afborag(?{ﬁém fdm

180, 000- 400 POXH 1w pddineminthis, éevmeaﬂweveebeeodamlomd Blichalldwithd mtisofsfto ce f or

nor mal hemogbagimdenitdk Rl M@&P&Ua@ﬁlagmrsfe%ec%@%éfﬁlﬁ)frggtrrerﬁéj{vﬂ hye higher
platel et co s are need times ipn excess of O/ uL. The purpose

of platel et Qna@&fsﬂréﬁ%qag&ab%n theraphesush gbwat/addel wal | by 20 eit her
adhering to thensakivesteohniuesdanagpidyéd BIheasurdtsodciapslati@age damaged,

t hey re fasgx&g@ﬂdr})e m cal s which cause the platelets to change froma
di scoi d spherical Torm and becone sticky, known as the the

aggr egat i on- adhe$iSSb3dS26tassignedrp dnteingtignah dechinidyng Kiorparapdra dlisalosesguor t ant

role in theapﬁérhggwaeaoafroﬂ p%%hﬁrﬁg% ddagiihtidh FRERK oraﬁuto%d@mgef di al

infarctions and_ unstab gina are cli n| cal, conditions associated wth
i ncreased cOHEERY e li’IBPé‘SdQP%%ﬁetiéﬁtﬁ asppitlanyetia p geseprow disngsedwithdrae pl at el et
dysfuncti ondisposabk civeiie mwaﬁplle ikl ba&a&r&e&c@toobllsaadjvegwaﬁﬁ e

cardi op monary by at ets areas o contribute to the
| ong- te?m pf%%e%rs' §?%§‘t°ﬁe rcgacgne SISVEYC B R B'Ceﬁdorﬁg'ém ¢: gthH 'factors and
pl atel et fudeteimomedrto/havevgcusesdi \mlidnubhbmd rwlntrdghtrametso\thedestscteyl

| i popr ot ei ngeeidiiS ptarc%amm Jepaenag@t&tgetth%tﬁctﬂm.bmm an inportant and
raaitonal l'y, 1S rreasur ement was, carried out

comon hemat o% ogl ¢ te

on sanples of pl étsgroép 3&5@??‘%‘??5 tbms%‘tse-dhﬁﬁlosﬁf* asingle yeslscuanicdsyiset i vel y
as PRP and Ei?d’tesusilrchQ)rahdiﬂéﬁkumjlg{negﬁtmTcsﬁgMioﬁfbrmwmoédlﬁnﬁﬂlanﬁﬁﬂ ssion
of IlghE t hrou h the S | oses tﬁ%cﬁa@@ orreter which is

obi e DorSar o RsRERRpRue b ailoded I aRER PR
el ectrodes ameespns@ng exthe ghangeloé viscasiy of dhrpdasploasahelots. an aggr egati ng agent

|5 2dded and the USO8 ek IREHATCRaloRadcBP DA LUBRLLARpRL LI T

However novenent in W res causes vari a S06s3. 1
PCT/ GBI | 1/ Odgtegtiop mﬁtt\er! §rdbs dderanpptionpf @&)tbfﬁﬂlhlht‘tnﬁe”}}eﬁ’ﬂé’d%&ﬁ lary action
measur ement $s use®to HAd, aBﬁ:Sda&hgﬂaﬂvdlmé:bf@ﬁ@ulu@gmﬂerlmraaﬁemmn cHhmbtOses a

nmet hod ngAsuUr e tel et A atig the k! i used to flow
bet Weensgdj acae%%t'%gq‘rgflf:%?re gg(grsn”(() ntg}l\@c a%d%% areacﬁ %ﬁn@% AT
channel . Théheslagatcd by 9n asellglr@cre@gnstw field. hlgbmsehoee gritp rleobamptehartdhe bl ood
sanpl e al ong,Wefftnfly MRRBRA e shitt'dtichEulBnI8IREGninkd BEMARYERNRE irf NE

i nvention
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 a method and capillary flow




It is an object of the invention to provide a sinple and inexpensive
apparatus 10 and nethod which is capable of neasuring clotting tines on a
whol e bIVWEA@28F0SHt asnma sanpl e (herein defined as sanpl e fIPGTEIBOIANGHdSpect of
the invention provides for a disposabl & test-device containing at | east one
m crochannnel which is capable of being inserted into a neter for the

det er mi nat i clevist fermrnyingtaut mgasureraerndof acém‘rpi BarfihluPrdthraBbi Tinet(APT Taspect

of the inve v V.

mcr ochannel%glgcgjﬁl%q dalgﬁ}l%@“%cr ogwénn Ié%l S |QI3@'?§ @Eécsg%r?e tt!]gﬁes\%ﬁﬁm t he
penet r at i ng Hr@kaed flow mthe ganillay pkhe floyy “tt%E‘aIzSrbé§éﬁﬁfminﬁdéhﬂ0@'rprmfwumes a
devi ce for neasw. Mhg wild c@‘hlﬁ&&abﬂl@r)t ¢aniBuaE5f framR0P8 @nd And r@quMetsQl' sAmple

. mcrocha neI es defi ned I} | 8%8 for ldeterm ni n use when or
Wher o 1 o ot ot 49 P bl AR ARERs il Hte R ELRels BBt i he e of

el ectr odes §Iatl batedctail by gbsdmeation o€ theapekde pastetreressiting dioen e intbraction of

- m crochannelahmburw%r gﬁ@e&hag vshehwglwéd naee\ﬁ'tﬂsé?pﬁ ﬂg&@g@ and

devi ce for neasurenen ting t a sa reby a
sanpl e is caused th§ TQIBUI"ISBW Iperﬁwefna{hw&nswaﬁmeqiancmea glojtingrdoqdhanipde

i rrpedance Ofhat Beerf dtudield {Smemaintliourast AT midal REthbRRy 6 4701276, THE7)I nventl on

provide 0sab st - devi ce C i ng a support n or

DO e i ROS AR oL B S RAG SR S By PR M R

m croc hannellm:psdame caveirepeesentngatbe vanims precesdes inf invblved dophgecloinganpl e
received by 30 the mcrochannel mxes with clotting activation factors
present within the channel preferably coated on the inner surface of the
n cr ochannelMeasHyestent aeplatglep pggregatipict i on reservoir. The sanple will then
flow by capillary action al ong the I ength of the channel until it ceases to
flow or .£1ow will bee ter ed t | es thanacert i n threshold.
The di stgnce tra\))e?ta](?%a\ﬁfq o'frﬁeéﬁc‘mep 'I?%%fteqb)?uﬁéf‘%’f“rﬂlmfa] Brya"gf?"?reasurerrent
of the capaqir¢sanicie bbwod. Moedamizelbietonesmargedioim ¢ 8@60GHOUAO& L didvreer av t hi n
or outside y g al ong
the WO n%I &%s%&“%@?%&%&é%@ oY Ry AR DG BB TP
flow, thus dPsprampingftarsaresry: highergatelst egmtsara seedgs sometings ireexesstfr nay be
provided in 1fobmd/&omau@a§d &Ibla&élétla IS rdpHNgapRin fRMNMEodl s@Ehanmel s such

that the . fl b I I I 1 ed t |y the I

beat r angper %:':\ erd?a‘i}T‘EEPg wgnfe%gegsﬁ;r i Fse‘\‘/'l wﬁﬂ%élrﬁa@ﬁg’%@)pf‘maﬂ?ﬁgam °

m croc hannelthe}orfeldahecqmammmam/\elmh osusadhye flatelefs ta chanpetfeomt a disaoiditen or may

be of a varyhngidl) AL bRl ARG|cS, BB el BE abl k[ ALANBLANE LA, | ength
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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




However, for some neasurenents, the reduction in flowrate with |ength may
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which may interfere with the coagul ati on process both by virtue of its
physi cal shape and chem cal conposition, do not conme into contact wth the
sanple. Furthernore, carbon is able to adsorb species in blood thus
affecting the surface chem stry. 30 The el ectrodes nmay be any suitable
shape and size and would typically be present as a line or thin band whose
wi dt h m ght be anywhere between 1-99% of the circunference of the channel
The el ectrodes woul d be situated typically on opposing sides of the channel
and woul d not neccsarity be of the same width. As disclosed above, the

el ectrodes coul d cover substantially all of the inner or outer surface area
35 or just a small section. According to one enbodi nent, el ectrodes are
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second channel cutting across the first thereby thereby form ng two
conductive portions within respective opposite sides of the second channel.
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30 requiring both a Iight source and a detector and the question renmains of
where to place themin order to observe the clotting process. Wth respect
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area of theppina) emy the applicsitiamokr fettheBudith bratiathehydepbiobingatehat t he

el ectrog@s have a constant width w and length 1, this becones 20 C = eo e,

wild Now if the channel is partially filled to a distance x with bl ood

having a rel ati vglqygpdﬁ:&whrvi?pgpwdeéh@b%h%for ghetmessureEntfdheelectrisalenpt v,

having a rebajjeMfesReHE safpld dr¥ providel AfonWRe RELMGFMie BREIIhAME! @hd flag channel
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PCT/ GBU1/ USend make clectrical contact with corresponding contact points in the meter. Electrical
parameters measured by the electrodes are then transmitted to the meter which is able
interprete the signal in order to give a result. The meter will also have stored
calibration information such that a value of INR may be given.
20 The electrodes may be of any suitable inert conductor and may be selected
from amongst others, carbon, gold or platinum. The electrodes run along either the
entire length of the microchannel or a portion thereof. The electrodes may be
produced by the printing of an ink onto the microchannel or by another means of
deposition, for example vacuum or sputtering. The electrodes may run along either
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 anywhere 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



By neasuring the total capacitance, C and by know ng the other constants,
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t he ons of C I ation, crochannel s hpracdcor dance w gr esent
i nventi fexélflg for the measurement o and {o give greater measurem

resolutlon



using any suitable technique. 1n particular, where provided, the

m crochannel s may be nade using any suitable mcro-fabrication technique
such as WOHd8¥SHg, pl asma etching or | aser photo-abl ati oRCTABKHHF6Hhe
materi al of the microchannel it may belfabricated fromany suitable

m crof abri cat ed EI astic such as pol yester poI ycar bonate, 30 pol ystyrene or
pol yi mi de. Pref edhetmepes prdetsrminmgyepdlovhbasstapped magslena diresilyz % ibs equent

| aser fini Smapgohgng@mmtr@teee&eeqia@tararsryrarﬁr\ﬂncrpreneea@cﬁnbwqtu@re (e.g., any
desired patterns orlry 1£ﬂer f| ormed in thehegt?cro channel)
e

Pol yst yr eneC/SHEWHC R ‘e %Cfﬁg‘t"rrﬁtg I 779 ARAY least BEPYEn process.
Thus pol ycat}inenhatdeﬂowuk detbamusdaels laas/rrtgmopmwer | am nate and pol ystyrene used
- as the upper. NOFrH@ho%varQ?e’?é%le sur%ﬁo hQ?ﬁ§§F§taH%@m .ﬁt(;J § rfc%%t &«B‘ a

pressure sensitive or trate or

anot her f oi ¢leciSen agross thagharepr’ Ue‘eﬂs@itfﬁé?s ?ﬁﬂ@sﬂmabbrbﬁﬁpeﬁ%d 4Sr¢eé®ﬁ]@dnct| on
- W th the de@&rlexbeﬂtedeérstm aﬁldfsrter L{féﬂénc'csnd}%dﬁ&swwchoi Sxahipld &Ph@ayf or the
V\0112/(180€ %g 11{61/II ~~ \%ep ntrlncg process hi s IS drlffrcult
with any presSertErdsemey OF vRAcsH AlACR Vi dgang! § raroesrftceﬁg“w'rﬁrtﬁ 48! pri nti ng
equi pnent . &pehdpgapbeswdanthbelcaddieplsdads watdiled Adernhtiedatethghd fatpea hot
mel t adpesi o} ted
t enpera ure(¥l Ctrmeré@h%leep '%qm%g %%g?ﬁfaglgﬁ‘g)ﬁé &%EX%I fﬁ%¥esﬂ{t rﬁﬁb \éf(i:lt rodes and
5 ot her st rarcrtmemtqrslez@trpdedmsghnwupw thcndggrsys\tlthrwlbet thetlarearrﬁlgne@em
probl ems dugdged he |am nation step. The glue | ayer becones substantially
liquid at el evated tenperatures with the consequence that the printed
structure | ooses shape and gets stretched and defornmed. Such deformation is
not only a cosmePicferpblobhepurtigreapatititeannippdent of thedhmadmse isvaeashedt r ode
surface wh IS tl roporti . . i I as well
as t he |5§1 t elrl”ﬁraslmtl,,aggthsa file eYecPrP&F%r{eEH Rpﬁ;e 1‘1%0&9(2\%%?8}9@&1% lr%ofﬂxggt ég:;lﬁ
properti es. sexsaof snaeﬁdwltcﬁemfee cewdicig arhedsete readingtasy prefesablha sind¢ P@lbnal

probl em of gfugy %étﬁﬂie@@@lﬂ&'b@@&hﬁﬁ Qlg. ehsﬁltb%mgrwartshﬁts@eranﬁér Por the
chi p descri bed above

npst adyvant eous ocess i,s esive-free
t her mal bonWikhge Ef'rc%‘égféd ‘SFt tf‘?té“ﬁﬁ‘F’é%’rcFﬁg t&ger H]eltwf’oa?tﬁ% “ﬂﬁ%ﬁp%‘ OB . The
bondi ng hap@ﬂ@ﬁt tatwhidh tebemtnemstfemeﬁﬁntmmi ds reéulhtha differene ngraledle or a hot
roller ess. e.lenpe ure i.s glass transition tenperature
(Tg) of?q hepffB}‘ 'metrest ‘ﬁLeC{ftteCOPt}a“@o‘r ol ngrbtlo'v\gr ght portion of the polyner
wi |l becone nobi Néttamrdlcahsﬂnymg\mcmlqwﬁedifﬁgﬂtlfmﬂneewhan mgeswing agmss fon of t he

pol ymer sti t f mol ecul ar
wei ght port .}‘%rﬁ%]@%[ﬁﬁ 6%1@ Q?nlera \ﬁlw dHo¥t pfﬁth Fe(lg?h @k lat@F bélhé Bepehlisnt p¥h

els a} hate and foil

with 20 el etersygagh Ofﬂﬁfé%ﬂﬁ'é?l S‘%Hrpt'teé‘??é‘IVF W § “‘W 1BNKR3FY %&f"tt gclammse of the
gr inted el eedqmeesccum %:ltgtnmwm b{ethbepmws v&ll&tﬁdhe&ﬁkeﬂﬂﬁrhbfskFur]meefeorg gne
oes nof, se a e bet ween a ondi n
oo ch &% eq g, TR I BPRST RARERIRE Ele L E haf RS enddiER 1o POTC! N9

pol yst yr eneclot ﬂmﬂ;)rwrltgbhélr@tﬂdrpapailey@ethbomnel WchmeS/@rOUg\'mbprh wﬁon@dg ht
regime and Leypefial b%ﬁé RhSSRLIR rze%sﬁ%tahmsre%meﬂtarwm@mt@n Ggn be bonded

on pol ystyrene as uro-plastic Irt] t her astlc%) mi).terr als are
not suit abl ePHGH S@O%ltpf@dt}ﬁffécféssxamﬂlﬁ'eaﬁﬁtr%ﬁu 8 a?%ecépf:‘gsaétﬁmeﬁ APlisaeds of the
suitabilityapd reqarrewsoxﬁﬁe;aa@bﬁﬂﬁn fushluat the esalts Optiabare aisbiekpéngivel t s

inertness to the a e re Lty, abrlrty
to form rmBetqli"rH}?;t?ﬂi@ é‘ght ﬁoslrcto gr%‘l%teg{grg%éjﬁ%q é%gd%gihgﬁg g‘lﬁrgé‘g ability
to carry anpkicettenouierder tptobsesvg ﬂlaeb)ttlrrmmsﬁéé’ gh agsged do g.présenidesi red t he

material may, Agyen Addich! @Rl anse%trare%amatpuagmm dfifkd &h@é’bﬁ@n%?ﬁerﬁﬁgi 5¢ranof

hydrophrlrcrty and therefore the degre pi This, W
determ ne t H@Ce Hteélﬁrog?%ﬂﬁ“@tong%eﬁ] ‘g g‘é?ﬁ’iﬁ‘é ‘mP/E‘gfs‘ﬁ%/’i“ﬁ@S“EFéi\/Fces in
* accor gi’mce mhdxrécﬂytgrdpbﬂmat toltliwenlmmnofrmy nberoBl!ﬁanfnale/enyahﬁd duwrrl]agvsarw A
suita techni que, | art channel s may be
nmade us??’ng ARy &J?qv%{;gg%s(ﬁ:%n hﬁ“bm TRt cﬁrvé?tv?t ‘Eﬁﬂ"rcgrﬁges Aeh g%uate%bau?ngnt%? limted
* to enbossi nigngi afsthe clennbl ang toerefong the timpedancriindasuged bA©Oelgetedssrga 1

PCTI GBUL/ US| - r ond
substrate mﬁ?@hlﬁ%ge ﬁ%gsn‘ﬂfrg?nah%tpgh&tq%n e %HWE:% thgﬁp\{ggﬁ@%e%g%ygtﬁgt he devi ce.
Met hods used to deposit the electrodes onto the substrates nmay be chosen
preferably froma printing nethod, nore preferably a screen-printing

met hod. Alternatively, chem cal or physical vapour deposition techniques
coul d be enployed. Cenerally speaking, the el ectrodes according to all
enbodi nents of the invention may be fornmed of any suitable inert materi al
such as carbon, gold, platinum etc. According to one enbodi nent, carbon

el ectrodes, optionally coated with reagents are provided on the second
substrate by screen- prr nti ng, vvhr ch |s then Iam nat ed onto the support

I D Jpe - (R T B T S I B B




30 tenperature control neans may be provided which serves to control the
heating neans either switching it off or on, or altering the rate of

heat i ngWQ ¢2/45p334 way t he sanple may be kept at a const anPCHeBpEY®Rttir e or
within a certain tenperature range. Prdvision of the heating neans on the
strip itself is preferable due to the fact that the sanple may be heated
nore qui ckl yarapld. Blfifsithé euestign off wherg teplpes the gleeiredes ¢ ordes tomoritarihe at ur e
possi bl e. A%@tmsﬂh,s}gcésg isHOR s RO (1B NEsue! PEHHBASH! BRRRIccAbRSstRd88scaBY al SO
function as the heatin The st have neans to detect

] .el ectrodes. rip.m | so
when adequaﬂJQO%g‘rﬁ)'i“%thHgés ‘lﬁ’é%f"ﬁ'er aﬁ@"’fﬂ‘?ﬂ? I"@&@’.C{LX P ABOPYIEEIEM16 appl i ed

and thus beghgartt he neasurenent. Such fill-defection neans could be situated
within the fluid reservoir and could conprise two spaced el ectrodes,
measur enent between which would determine the fill-state of the reservoir.

A control unit present in the nmeter would control operation of any flow
control neans,.anch.RERRIE phENshedhSacRBYisFRIHURG IR ng of the device.
Indication of a full reservoir as determned by the fill-detection

el ectrodes would send a signal to the control unit which would then control
any fl ow operat) fHgl/eans to cause the sanple to flow along the capillary.
The net will be able to display the results of the test. In addition, the
meter 10w ll have a nmenory capability, be able to downl oad information as
wel | as havevherd:or mat i on downl oaded to it. The neter nay al so be equi pped
with an algorithmto indicate what action if necessary needs to be taken as
a consequence of the result. The neter may be a wirel ess conmuni cati on

devi ce whi ch carfo GownlPEERUEHY of € SRACEi nf or mation to a doctor or website.
The nmeter will @ so hasetiddpermbiiVity ¥f the dileetric etwlechShé plaggspr et per sonal
informaﬁriéon reg;ehrlgli ng tge patioﬁg‘t. The meter may al so have the ability to
read renotely i or mat P eraée&a “?1%‘aeﬁe strips as well as being able to
store batch cal idor at i distanoebstweemtitegllates i . e. optical etc. According to one
enbodi ment, the support nenber is forced with an 20 integral needl e at one
end and the second substrate is then | am na,tﬁd oné? tge support formng a
channel and Assamingghatiibe gasieodenbavsd sosBr Vidihy sad lengbeh s BomsS anot her
enbodi ment the integrated skin penetration nenber is provided is open on
one Ssi dﬁ T%_penetr tion menber is arranged so that upon insertion into
skin, tHE sKi A ef¥% effectively forms a wall of the nenber to that it can
act like a hollow 25 needle. Mst preferably this is achieved by form ng
the penet r atyqp;(TRIDBRANL atahy AUEARS difgn@eNih RN HSInaRSBIBLLle - . 0. 2
V shape. Thus \N_I!1e_r1 viewed froma further aspect the ipvention provides an
appar at us f dreristiabng mgd shedesiod sierahapna! fFrePty> hayisra €iatye ReeRftH Wefiet r at i on
menber havi fge Ao Adazht R0€olsOTEhd dhdhi Imayi tdeofgideted hhisepataiecapacites. bei ng
arrange% S0 .4s effectiv(glﬂée}@ dca(}u{ée t he penetrated skin to act as the 30
remai ni 19 | o CAMIAATS TR RHEO N nber when the penetration nember is
inserted into the skin. Wien viewed froma yet further aspect the present

i nvention pr@\{[idd§§ ARt hod of fabricating a device for neasuring the
concentrati of"8f &n anal yte in a fluid conprising providing a support
menber, form ng an open channel on a surface 35 of the support nenber and

| ami nati ng arigesgadahéyarhoahpygritbrsispport nmember so as to close said
channel ., . The invention also extends to a device fabricated using such a

met hod. 30 WO 02/11s1153~ PCT/ GBOL/ | | sC~~ 17 The needle is pref erably shaped
to aid skin @gpetrativattx)/#or exanple the tip region of the needle is
preferably substantially conical. Furthernore it is preferred that the tip
regi on has a reduced cross-section - pr?f erably less than 0.2mmin w dth,
most pr ef er abinge thesesWorHHAPACHARSSEATS Fleskiiehlly in Ba’l@{vﬁleg\?é?PmleEdr?é%Qﬂ"é“?esls

+ preferably agquan@erkit sunijirei:m se the risk of bl ockage upon insertion into
ski n. Fo3r exanpl e the aperture of the needle may be provided on a side
surface bf the needl e, rather than at the tip as is conventional.

- Preferably t@e apewridr ¢ epf: vhe)/deedl e i s recessed, thereby avoiding contact
wi th the skin upon penetration and thus potential blocking and/ or damage 10
The needl e peafevdlyley has/ -a&pore such that the sanple fluid is drawn up by
capillary action. 'The device is.~uitable for the neasurenent of clotting
times in blood or



pl asma. Whil st the device is suited to neasurenent of prothronmbin tine
(PT), other clotting tinmes that may be neasured using this technique are
acti vat WD @505l 15 prothronbin time (APTT), activated BEHGBOWOSOH ne (ACT)
and thrombin clotting testtime (TCT). Btief description of the draw ngs 20
Certain preferred enbodi ments of the invention will now be described, by
way of exanple only, with reference to the acconpanying draw ngs in which:
Figures 1 d 2 depict schematically a deyice suitable for neasuring blood
clotting; Iall?bmeés‘ﬁﬁ‘&ég‘i E’tl"rsr c‘% ag& it %i}f“i’ gy gn%l‘g\?iglc{@e @lglertcé)g?tgmfsbtﬁgrreasuri ng

bl ood cl ot t4ifgneess waveled byghe BloogimaydealeHlfed  Fi g 4(a) shows a strip

accordingg to the present invention conprising a plurality of channels; Fig

- 4(b) shows an alternative enbodi nent of Fig 2 whereby the channels are of

differing cross-sectional dinmensions; 30 Fig Sa shows an integrated
penetration device and m crochannel.; Figs Sb-h show further views of the
penet r at i onCdevi<te,;wdnte:Fixgs -6a)and 6b show an alternative configuration in
whi ch the microchannel is flanked by a series of |ongitudinally spaced
pairs ofp el ectrodes; As shown in Figure 1, there is provided a disposable
test-strip 100 conprising an 35 upper and | ower support 101 and 103. A

m crochannel 4032, Ls(ﬁngc dejnto the upper surface of the |ower support
menber 103. A second substrate layer 1 OL is |lamnated on top of the
support nenber 103, thereby closing the open m crochannel | 02. WO

02/ (1SQL3-1 PCT/ GBOL/ | H6- 4-4 18 El ectrodes 104 are forned on the respective
outer surfaces of the substrate |ayers and coplanar to the channel. The

el ectrodes may, run a)l ggg/the enjire outer length to an edge of the device
as shown in*Fi’g @ &2 t4dt " tabl e el ectrical contact may be nade
between the | eads and the neter (not shown).. The el ectrodes thensel ves may
be 5 covered by g JilleResn framithadRve haosdetll hobgmhlsie to tbaitor thé sade shown i s
a reservoir 1 USinto which the sanple initially flo and a sanple inlet
port 106. AshavBewhcapaitance ineerdgrgpideiesming s Wme taxen Jor Tayelo spRs it 16 he

m cr OC%{mel o3I LN a%@llm{'n%va;lﬁé% YPIE dlstdnks vhelc@RY hBgodbiibRN. Hovever
the sa e PHEL por% nay be si'tuated above the device and the reservoir
may f 11 byclgtthigi tThis dléser reidtive elegsurtef the perthuombimtiynelsmcs itheuanged the)

externally to the device such that i | so f.unctions as a sanple collection
devi ce. Thebkoeéé%e‘%chletaﬂw gnprg@iq%h%ﬂ{agn?lHEWﬁL%rog{ﬁsff-ace of the strip and
be formed by anyTaRnvg MRl belREN T sxdfipledss b BjogEEherk ofithd dlidegtimblot shown

in Fig 1 ar gleggﬁemgﬂts to allow egress of air fromthe channel, heating or
fill-detector electrodes or flow control devices The fl ow cantrol

1 .
devi ce Ay be pokwill yewer he ste fiome thei20pycsanens t"‘f‘éﬁ? fapaqiipnce,iaJtiRs are for
illTustrati OBarﬂEﬁlﬁpﬁlﬁ%hgﬂéeMn @ﬁ&cd@mcﬂ@tﬁhié@‘dl l@dhtrbdll&irfg?alblamd beawsérzths Of
conmponents W thin e device. Thus t r VQl i e . in
vol ume rel a\il’vla\tf'é’ lséﬁstDHBqueé¥ BloRamionpl g ﬁ%%ﬂqfstﬁéﬁe%legwe\rggﬁ%{?’odr' gﬁ}iﬁ la‘g{elglﬁéat e
vol une of f kedndhatra Higlthe absadute ahange duithe 28luetoé theecapagianes C mabe peddevedoi r i s
shown as beyng, 02 chaflePREA o3 NBBona@WRNEDNY dre BRYifRANDY sridller Stineabl e

shape. N Co
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 electrodes, 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



Fig. 2 shows anot her enbodi nent whereby the electrodes are situated on the
i nner surface of the lamnates. Alternatively the el ectrodes nay be present
at spac®P ¢MeFdal s al ong eithet the inside or outside oPCTEBERhel . As
an alternative to the 25 el ectrode arrahgement of Figs 1 and 2, both

el ectrodes may be provided on either the upper or |ower |am nate. An

al t er nat i veP@iislsdi srsheof didlesing diametase Fheichannels argingleghaand maybegfia pe seen
that in thigfrRodiafRik, ortas by eclkanneFor2Q2mple, Spidiahctahdpedciannelr der

t hat an increased I.ec[]l?)th can be acgi evﬁ%aé or {a ﬁi en, surf ce @Eea of the
devi ce. 30 TAYRFMAOIFLPREF RO SR e fIg ot siowle S a8 81U %he art t hat
t he capaci t efficenbetolebitize He doagulaticagiromdesy clenpedpsintatagna the surfase ofl i a, to
. the relativ 1k d Y fr .t : : ' apine relative
por m 1 i g RPls PH R b IEVETL Be ool B O O Ao TP ot ot
wat er and aPiogiatigeichemigals wthin idfessny ey o e example micagirRBEntR{fd, andhe

rel ative pepmrtrthisht Ve edrried sutissmappesusiyrately 1 ). 35 Accordingly, the

' overal | capacitance between the .t electrodes |04 will depend upon the
proportion of thiﬁ?d“d‘f%%ﬂﬂé{gglt &\Sﬁ&ﬁh@ﬁ‘“i“sgﬁﬂlﬂ 'Eate%altsrl?%'l"gg& An

al t er nat i veagsoprimt phyical bergratshes ibe mictooanoe] shheldposwsds pegd thérmadf or e be

obt ai ne, _X&Pﬁa{iaﬁﬂ, %&%P%bcgg?tﬁfgmgrﬁg%oﬂgumformeaﬁ%% ggretaganmk ygyof the

capacitance. This i's call y agal nst t prot hronbin tines
and i s usedas isselfint peaneotins the esgulaberProres- Bhe wptera! sheuldplomssitre thatt he t wo

are not congh&tiedd cibMnfthaPRkén plake, flowf hbild sesprvietdw 8owh GStudies Raver ochannel
is showmmn with regard to i 1 annel conf isguraticﬁn and nmay be

5. the sglr | m cr.och ;
used for anyhWhEF GEamplehat opRlE ﬁWﬁ%POfﬁﬁlﬁlfatF O graumgielal sdigelZ¢hat a sanpl e
cont acti ng bbesiboate naskédipsinfiens thd ATnTbe tsveofsuch meteainises thefieref r ont edge
109 is own i . Loy any
ot her sﬁgpea}/(ﬂg%&?ﬁlp lerl%dg%%’nr‘rll gaql%%a‘g)\%}agg;(’géhe%ga ?lﬁfgggﬂgt&%\;m?&{%e sanpl e
may be appl egentifnegessadervoir in fluid communication with the 10

n}Cf th?nne:c- Ei GYERalfn 8RR Wi baBinfdnt, @R R drddhafidd @y BRHesigAESUCRItG &
plurality of c

aru~els. The channel s haye a, common inlet, port hut are
desi gned” sudi S@W@fe fﬁ‘?‘i‘ﬁ H‘“B@@é‘“ﬁ@?haﬁ'&glsgn%rﬂl%ﬁ@“f‘g P ﬁé’r?ﬂeﬁeém.meaidﬁﬁ e 4b
shows a pl ukdetcupowflowhartrdhterabd fiirelitiohatapadEidétmeles inothss. caBymehbesi ng
differi di nensi,ons ne |s I rati f : -sgctional
ar ca t 0¥ ne PEIRIAF e AREr bfouftsBfhet ettt R ruiRE roRE T P |
addi ti on t oehbariangntirepartien ¢najongfa sehemed the eangek Agpinathesoagiatias, t he
channel or chapnel.g HERYsGUFoYVRENURINHE Ot SRAige OF thpeda@swah egedthei 1
| ength. Figures _Sa-c show two fﬁsrgt her e odltrrt$nts ‘%{ﬁ‘ t he invent| on whi ch
show an i nt &gcaBYdNsaEwEMmeRtand TuRSAREY 2al¥S 1S LPe URRTRBEC QiYe SBF & 405%
measuri ng t hedaerntiaadie aisétaf codgutatiohui d. Consi dering the device 115 shown
in Fig , 1t wLLk. be : b f LS il f er 116
onto whi§§h a .SEC(I)\!I’II, rﬂ%g%ﬁféﬂl 1}5_1 q%‘%‘?%%‘ﬁ%%“g? gﬁe%l!réﬁe?llg%m(én%??}é Rg\g\%}?i.cét%e
| ower nost s wisiegany suilapletechniqw. doppiticelas WherbRiodidgd.che BYERFRANGE 818¥channel
118, as wel lpeqtdeh8inkh Stigdble/mfcps - chitechhlficaitRigadbdsting] slsgmapr oxi mity
with the entranceqéo oz _tgg mcrgc?anﬁlel. Duiclétg manuf act‘ﬂr.g1 tBe 25
m cr ochannelctehng ordgsepBheigRPlaHon; AR fY(he Mafena B%H’t'%r?d’f{m LBaY Pt hr onbi n,
whi ch can beawfpteddebipinpanyitablenvierifatoitaled piatis suchias pohsster, ipnlycarpohae,

exanpl e ,scree i.nti . nK o LAt ing, at I ng
manuf act3 r e.po%br%nﬁpogg’r?ﬁéflﬁgafé&ng Wiﬁg@taéégécgg@{rlg&}aﬁeg. Itﬁg% raqllg gdr ace such
that the neavbeanemtaset Beishing o geperiins SaCORIATY BRCTOhR! RARESHYFYE G2t f or med

channel . Al tRERaE pavieing o BeneligRhiINE Ut BESOrREd REthpdsitlol ARtk PPyt er
surface of the | am.n i S

.nate 117. Not sh i.n Figs Sa- a, reservoi or
ol | ecti on ShovhaTabIE AP ifs FLDE RbnB TP ERse S aRLEFEFRE Lou g
- el ectrodes .beAsydad thetowearaminagyand @olystvindadedids theyppaonNemiad taminaidert i on.
Al'so noéSS hop%ce?%’es P& ot chted %h%t%gsém%lsgﬁstitﬁ\%d(ﬁ’hopﬁltewgﬁ'csm' t6 Eoiﬁ’%aféﬂr ement
of the electrical "parameter, ie inpedance or capcitance 1s nade. Electrical
. connection rtay shbstraseier @Sthse foile Such heandastprofess aydiresent aklegsd sui t abl e
connection pQhRnEt& WHRRAdM AR e Rict G5ist, TH B needdBWHBR® suitalieforlthé may be
slightly Ionger than the |ower one 116 to all ow access to the tracks 32 i
for this purpose. According to this particul ar WO 02/ U5053-4
PCT/ GBOL/ OSG. 1~ 20 enbodi nment, el ectrodes are provided at spaced intervals
along the upper lamnate 1 17. Alternatively, one el ectrode provided
substantially in parallel to the m crochannel could be provided. Not shown
in Fig Sa is the "counter" el ectrode which nay be provided at any suitable
| ocation on the | ower or upper |ani nate



51 16,1 17 consistent with the earlier description, i.e. on the inner or
outer surface of the mcrochannel. It will be noticed in particul ar that
the | an®0 ©2/5953f the strip 1 15 in Fig Sa is essential | PCVCHBHEP®OH i n cross
section and tapers towards its tip. Thi4s nmeans that when it is used to
puncture a user's skin 123, as is shown in Figure Sb, the two sides |0 of
the V for ceprbuiok paogser. Thisnis difficewihany pzssurg Bmeiting ad‘h@"épﬁ“ﬂé@m s to form -
the remaini gbl@ﬁ'nlslmmgl@fpnﬁﬂnfgﬁd &%@ﬁ# Smﬂ%ﬂaleﬂf%an BOLSdraRedR@R agbannel is
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skin of a user tor collection o 1d sample. 20 G A device according
to claim1 whereby an agent for the pronotion of clotting of the fluid is

situated on an Ih@e@rdﬁtgrtteﬁeeﬂsodlhendmeﬁgpoﬂmeﬁsbdewf@memmah ng to claim
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another embodiment the integrated 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.

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.



9. A device according to claim1 whereby the area of cross-section of the
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15. A net hodagflanys&som.i ng the clotting tinmes of a fluid conprising
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Brief description of the drawings

20  Certain preferred embodiments of the invention will now be described, by way of
example only, with reference to the accompanying drawings in which:
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 device; and
Figs 6a and 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 microchannel 102.
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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. 1t 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, inter 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
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10 channels. The channg¢ls have a common inlet port but are designed such that fluid
does not pass from one to the other. Figure 4b shows a plurality of channels of
differing dimensions. By choosing differing dimensions, one is able to vary the ratio
15  of cross-sectional area to the circumference of blood contacting the walls of the
channel. In addition to having a plurality of channels of differing diameters, the
channel or channels may have varying cross-sectional areas along their length.
Figures 5a-c show two further embodiments of the invention which show an
integrated penetration member and microchannel suitable for measuring the
20  coagulation of a fluid. Considering the device 115 shown in Fig 5a, it will be seen
that it is made cssentially of of 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 is
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-cis a
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 clectrode 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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10 of the V force back a portion of the skin 123, forcing the epidermis to form the
remaining wall 123 of an enclosed channel 124. Thus an open channel is effectively
transformed into a closed one when it is inserted into skin. This allows fluid to be
drawn up the channel 124 so formed and into the microchannel 118, without having
to mould a very fine hollow needle. The microchannel 118 may also be formed with
15 a V shaped profile for convenience of fabrication, but this is not essential as may be
seen from the slightly modified embodiment of Fig 5¢ and 5d in which the
microchannel 118' has a rectangular profile.

In the use of the strip 115, the user first inserts the test-device into a meter.
Alternatively, the test-device may already be loaded either as a singular device or as

20  a plurality of devices individually packaged within a cassette, into an integrated
measurement and lancing device. The user then pierces their skin with the lance 119
and sample is made to flow, by means of capillary action, through channel 124
formed by the lance (119) and the skin 122, into the microchannel 118 preferably via
a fill reservoir having fill-detection means to initiate flow of sample into the

25  microchannel.

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 119a, the lance
119a is provided with an enlarged area 123a of the channel 121a. The enlarged area
123a also is 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
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fabrlcalmg technique). While the electrically conductive base member can be made

of stainless steel it can be also be plated with a second metal such as for example
15  gold, platinum or silver or coated with a dielectric insulator.

Fig 5(h) shows an integrally formed base member and lance stamped from
preferably one piece of sheet metal. The metal is preferably, but not limited to,
stainless steel optionally coated with a noble metal such as gold or silver. Also
shown on the base sheet is a microchannel onto which a second layer such as a test-

20  strip could be attached. Fig 5(h) also shows a stamped penetration member with a
rectangular vent 81 which also serves as a capillary break ensuring that once fluid is
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 microchannel 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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positioned along either side of the mlcrochannel and run along its length. These
wires are themselves in electrical contact with a set of contacts 210 designed to be
connected to the meter. These contacts may also serve to heat the sample or the
microchannel prior to the sample insertion by passage of a current along the leads.
10 Alternatively the strip may be heated by conductive strips within or on the support as
shown in Fig 1(b)
Figure 1(c) shows an alternative embodiment whereby microchannel 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 sample 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 microchannel.
According to a method of the invention, the test-strip is first inserted into the
meter such that the contacts form an electrical connection with the corresponding
contacts provided within the meter. A sample of blood is then applied to the end of
20  the microchannel 102 which will then flow along the microchannel at which
simultaneously a timer is started and the measuremnt commenced. Alternatively, a
sample is 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 is 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.
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described in greater detail, there are many different variations and modifications to

these possible. For example, devices in accordance with the invention may measure

10 the clotting times of fluids other than those of blood.
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1. A device for the measurement of clotting times of a fluid comprising an inlet
port for the collection of the fluid sample and in fluid connection with at least
5 a microchannel, whereby at least two electrodes are situated along the length

of the microchannel.

2. A device according to claim 1 where the electrodes are of differing lengths

and size dimensions.

10
3. A device according to claim | where the electrodes are situated on the inner
surface of the microchannel.
4. A device according to claim 1 whereby the electrodes are situated on the
15 outer surface of the microchannel.
5. A device according to claim 1 whereby the inlet port is a penetration device
suitable for penetration into the skin of a user for collection of a fluid sample.
20 6. 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.
7. A device according to claim 1 comprising a reservoir in fluid connection with
the channel for collection of the fluid sample.
25 ,
8. A device according to claim 1 comprising a plurality of microchannels.
9. A device according to claim 1 whereby the area of cross-section of the
microchannel varies along its length.
30
10. A device according to claim 8 whereby the microchannels are of different
diameters.
11. A method of fabricating a device according to the previous claims comprising
35 providing a first laminate, microfabricating said laminate to produce a

microchannel, a fluid inlet port and optionally a fluid collection reservoir,

providing an electrode along the length of the microchannel, providing a
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¢ flui sample into amlcrochannel whereby the total distance of flow of
the fluid within a microchannel is determined by a measurement of the ratio

10 of capacitance or impedance of the filled to the unfilled portion of the channel

14

14. A method of mcasuring the clotting times of a fluid comprising introducing
the fluid sample into a microchannel whereby the speed of flow of fluid
15 within the microchannel is determined by measuring the rate of change of
capacitance or impedance .

15. A method of measuring the clotting times of a fluid comprising introducing
the fluid sample into a microchannel whereby the coagulative state of the
20 fluid within the microchannel is determined by measuring the rate of change
of capacitance or impedance of the fluid.



