ELECTROCHEM CAL TEST STRIP W TH AN | NTEGRATED M CRO- NEEDLE AND ASSCCl ATED
METHODS | NTRODUCTI ON Field of the Invention [0001] The field of this

i nvention is coagul ation, and particularly coagul ation testing. Background
[ 00021 Coagul ation is defined as a transformation of a liquid or so! into a
soft, sem-solid or solid mass. Blood naturally coagulates to forma
barrier when trauma or pathologic conditions cause vessel danage. There
are two wel |l -recogni zed coagul ati on pat hways: the extrinsic or

t hr ombopl astin-controlled and the intrinsic or prothronbin/fibrinogen-
control |l ed coagul ati on pat hway. Both the extrinsic and intrinsic pathways
result in the production of thronbin, a proteolytic enzyne that catal yzes
t he conversio ROCAIN Oy daF & atHQn i ch
measure a bl ogﬁgmcs abWﬁPyﬁEﬁg?yg%m@gqﬁﬁ%ﬁa@m een
devel oped and used to meaNEEDLEANDOABSOGIATED METRODSf a bl ood sanple.
Such tests are comonly referred to as PT tests. PT tests find use in a
nunber of different applications. For exanple, PT tests find use in

nonitoring patients undergoing anMﬁMer apy. O her situations
where PT tests find use include te I ne: acquired platel et
functi on dEk#tof thednestiohal platel et function defects; congenital protein
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factor VIl deficiency; f aé:t or X deficiency; henolytic-uremc syndr o'rré
(HUS); hemophilia A; henophilia B; henorrhagic stroke; hepatic
encephal opﬁa_d:kgm@ap orenal syndrome; hypertensive intracerebral
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} ?ﬁgelng ?(?]rtsgﬁﬁ lﬁa-gk.’%lbowlaﬁl?ﬁifcﬂhﬁﬁ?eﬁ% £6HA%a biGiel WhSs ralim3 5 Eéth(lz?l-ggltceSt S
conditions cause vessel damage. There are two well-recognized coagulation pathways:
the extrinsic or thromboplastin-controlled and the intrinsic or prothrombin/fibrinogen-
controlled coagulation pathway. Both the extrinsic and intrinsic pathways result in the
production of thrombin, a proteolytic enzyme that catalyzes the conversion of fibrinogen
to fibrin.
[0003] Coagulation tests which measure a blood sample’s ability to form a clot or
coagulate have been developed and used to measure the Prothrombin Time (PT)of a
blood sample. Such tests are commonly referred to as PT tests. PT tests find use in a
number of different applications. For example, PT tests find use in monitoring patients
undergoing anticoagulant therapy. Other situations where PT tests find use include tests
to determine: acquired platelet function defect; congenital platelet function defects;
congenital protein C or S deficiency; deep intracerebral hemorrhage; DIC (Disseminated
intravascular coagulation); factor II deficiency; factor V deficiency; factor VII
deficiency; factor X deficiency; hemolytic-uremic syndrome (HUS); hemophilia A;
hemophilia B; hemorrhagic stroke; hepatic encephalopathy; hepatorenal syndrome;
hypertensive intracerebral hemorrhage; idiopathic thrombocytopenic purpura (ITP);

intracerebral hemorrhage; lobar intracerebral hemorrhage; placenta abruption; transient



variety of different applications. [0004] A nunber of different PT

determ nation tests and devi ces have been devel oped. Such devices and test
protocol s include both optical based devices, such as those described in
U S. Patent No. 6,084,660; to R Shartle; and el ectrochem cal based
devices, such as those described in U S Patent Nos. 6, 046, 051; 6, 060, 323
and 6,066,504; all to A Jina. In this latter group of patents a device is
di scl osed which is suitable for electrochen cal determ nation of a change
of fluid visshemia attack (RIARWilson'sidiezase;tdnd thalkike. ¢ sush IR resGifRidi&eGn By t he
presence of side-.hy-side electrodes. This configuration requires the use
of rel ativé??ﬂiyé)rfgﬁf‘ifﬁil‘tﬁ?é’ CYfonsanpl e and a neasurenent protocol that

i npl ement s [ SR b he backar pund response;.i.e.,
a si gnal igﬁ)%gﬂ%g overfff%ﬁgpg\ﬁgl%hﬁﬁgﬁf'ecflissatrﬁdn%ﬁlcgﬁEﬂve &R dgl‘é‘g%"rdound.
Thus, the Puch dodtes andpst @yaideots ifthde o tE opifoal bR dBeicBR sBclcAMbicat ed and
per haps | ess robust_ than the rotocols used in the present iInvention
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can cause pain and trauma to a user and potentially le to I nproper
conpl i ancetlgftiachemicah deicominatian of achangeyof fluddistositylin a samplkhwheeftheli f f er ent
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PT determnations with small sanple vol unes using inexpensive device
conponent simMpderaents a tinag depsadent decenypdutionsfthpbackgfoupd eespgnseai.es aisignalisst

woul d be t e ent. of. ectrochem cal, devi and, protocol that
exhibits t gasg.ge“(?\;e&ev% gggﬁ&r%@l ‘gﬁgegrcg{%rtg{%lfs&d Pgercbgﬁﬁrgmcge@&?, tﬂgB“V\ﬁ’?q?P smal |
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sinple-to-i nterroret Si %nal that converges to a steady-state value. 2
protocols used in the present invention described below.

[0005] Furthermore, current point-of-care coagulation devices require relatively large
samples of blood (2 20 microliters) to perform a PT assay. To obtain such a large
volume of blood, use of a conventional lancet is required. However, the use of
conventional lancets can cause pain and trauma to a user and potentially lead to improper
compliance with an anticoagulant therapy.

[0006] hile a number of different PT determination tests and devices have been
developed, there continues to be a need for additional protocols and devices. Of particular
interest would be the development of PT system that provided for rapid and accurate PT
determinations with small sample volumes using inexpensive device components, such as
disposable reagent strips. Of even greater interest would be the development of an
electrochemical device and protocol that exhibits the above desirable parameters, is
suitable for use with small sampie volumes, produces minimal pain in a user, and can

provide a simple-to-interpret signal that converges to a steady-state value.



Rel evant Literature [00071 United States Patent of interest include:
6, 084, 660; 6, 066, 504; 6,060, 323; 6, 046,051; 5,942,102; 5,916, 522;
5,628,961; 5,554, 531; and 5,300,779. Also of-interest are WD 97/18465; WO
95/ 06868; EP 974840 and GB 1299 363. SUMVARY OF THE | NVENTI ON 10008]

Met hods and devices for electrochemcally detecting a change in the
viscosity of a fluid (e.g., whole blood) are provided. In the subject

nmet hods, a fluid sanple is introduced into an el ectrochem cal cell having
opposi t el y RepaaROLA¢afde WOr King and reference el ectrodes. An electric
potential is applied to the cell to first achieve a steady state cel
current. A[Qmaﬁ)ease i UnitddeStates Rdiens obinterest linchader 6084,668; 6,066)504t60605323Nd

related to i LS ' 0 S e,. ]l n many enbodi ments, the
ol o i s SOABERIES SRl aTh e TR B4 om0 A% WS Abimteres
coagul al | Ofkel WG 9718465 WerIBNGR682 % 97ABAG Ihd B8 [Togied e bl ood sanpl e.

Al so provided are test 'strips, kits thereof and meters for use in
practicing the subject nethods. f0009] An enbodi nent of an el ectrochem cal
test strip according to the present invention includes an el ectrochem cal
cell and an integrated m cro-needle. The el ectrochem cal cell includes
oppositely spaced apart vvorkisrigM HR%?r mgb es and a reagent

m xture (e.g., a redox coupl ﬂn%—mm%wrm%zi ng agent). In this
embodi ment [0608] an el ddéthodhand devices ¢or elédifocheraially détodidpt éhRgP EHRNt
invention, the mcro-needle is integrated into one of the working and

r ef er ence WSesity s adlvigs.gpvihelsdrpnd) aoxpryvidedelrhespibect mohods. Riflyid e |
VL5 P\ S e g Pt A

t he subject 1'nvention. gure Ife-

typi cal daimi fdrendessiectivldendn electrietpoeditiabid applicl tenhetdlorehaiicvala t est
strip and the current is nonitored wth tine; [00121 FIG 3 is a
per spect i vieadytye call gpacntop degreapeinthe stsady stale celh surrent ds thepjdetecied and

| nt egr at edefthéd @ SORHLE iRGO8sHy W thPsdnbile Hh S enttRdfRLHE The sample is blood

and the change in viscosity is related to the onset of coagulation in the bloed sample, and

often the PT of the blood sample. Also provided are test strips, kits thereof and meters for
use in practicing the subject methods.

[0009] An embodiment of an electrochemical test strip according to the present invention
includes an electrochemical cell and an integrated micro-needle. The electrochemical
cell includes oppositely spaced apart working and reference electrodes and a reagent
mixture (e.g., a redox couple and a coagulation catalyzing agent). In this embodiment of
an electrochemical test strip according to the present invention, the micro-needle is

integrated into one of the working and reference electrodes.

_ BRIEF DESCRIPTION OF THE FIGURES
[0010] Figure 1 provides an exploded view of an electrochemical test strip
according to the subject invention.
[0011] Figure 2 shows the time-current plot of a typical data set where blood is
introduced into an electrochemical test strip and the current is monitored with time;
[0012] FIG. 3 is a perspective exploded view of an electrochemical test strip with an

integrated micro-needle according to the present invention;



3 [0013] FIG 4 is a bottom perspective expl oded view of the _
el ectrochem cal test strip of FIG 3; and [0014] FIG 5 is a perspective
view of the electrochem cal test strip of FIG 3 in an assenbl ed state.
DESCRI PTI ON OF THE SPECI FI C EMBODI MENTS [ 0015] Met hods, devices and test
strips for electrochemcally detecting a change in the viscosity of a
fluid are provided. In the subject nethods, a fluid sanple is introduced
into an electrochem cal cell having oppositely spaced apart worki ng and
reference gp rodes.fr1d.a i gﬁt}ﬁ prggm HGEQs I r, obt aj ni ng
the fluid ga@rrlpz);l]e i s iﬂgegrlg?ggni nt Oiig one eg?‘pﬁggh&gmlgﬁ@g5?64%1‘:1%%’3%]'&65‘

el ect r odes strpofIFG. Anamd ectric potential is applied to the el ectrocheni cal
cell to fi r@ 4i\chi eveﬂgﬁqgt.ead state cell current. A decrease in the
steady stal®Idd/ | curflShP is 2 PEmsRertiye vigy efiths slecirechamicalttest stripoBERGE 3 in
viscosity gf stdagiainlg: |n many enbodi ments, the sanple is whole blood
and the change 1nh viscosity is related to the onset of coagulation in the
bl ood sanple, and often the PT of the bl ood sanple. Al so provided are

el ectrochem cal test strips, kits thereof and neters for use in practicing
the subject nethods. [BESCRIBEKONOR FHESRECFIC EMBODIMENES descr i bed

further, i i u 7 t he ntiop i.s not limted to the
parti cul ar ioedr%%él&)%peﬁ ssQ%?i

to h ' ]
B8 St S clet e FisaB oBienaa Hanes an tns of
the parti cuisessigrofadiuiadatespratidedInRél ' il 13 i of
t he appendeg cslllgi ms. It icipraI.SS tg l_)eglub?%qeifﬁ%dgg’{ﬁytd sﬁgﬁgr‘%ﬁﬁ%ﬁgg’%
enpl oyed i & ¢lgetreghsmical cplb baving oppesitel wupacgdmpattivearking apdbeftrereatelectrades. i S

not i ntend bdotiong,.. .+ Lhe scope,of, the present invention
will be es?’g%’}"?esﬁgﬁd"gﬁ?ebﬁég g’rl)%gﬁjt E@"ééf’a?bﬂmeﬁﬁigrlq URTAE 1nisgrated i i on
and t he apmensfatie oloaking or sdfegndadleétesdesences i nclude the plural, unless

t he cont extmcl eargﬁ di.ctates otherw se. Unless defined otherw se, all
techni cal HR46kAnSigctnc potentpalis appligd fe thsielectiaokemiial cellte finst zchieye asteady

comonl y t f: ' kil in the.art, to i gh this

nventi on %@P g%]gg:ﬁﬂgnt A Refeal¥ mCng Et@%)}/ state ce]ll current 1s then detecte\ll:\{namci related to
a change in viscosity of the sample. In many embodiments, the sample is whole blood
and the change in viscosity is related to the onset of coagulation in the blood sample, and
often the PT of the blood sample. Also provided are electrochemical test strips, kits

thereof and meters for use in practicing the subject methods.

[0017] Before the subject invention is described further, it is to be understood that the
invention is not limited to the particular embodiments of the invention described below,
as variations of the particular embodiments may be made and still fall within the scope of
the appended claims. It is also to be understood that the terminology employed is for the

purpose of describing particular embodiments, and is not intended to be limiting. Instead,

the scope of the present invention will be established by the appended claims.

[0018] In this specification and the appended claims, singular references include the
plural, unless the context clearly dictates otherwise. Unless defined otherwise, all
technical and scientific terms used herein have the same meaning as commonly

understood to one of ordinary skill in the art to which this invention belongs.



4 METHODS [0019] As sunmarized above, the subject invention provides a

nmet hod for determning a change in viscosity of a fluid sanple (e.g., a
whol e bl ood sanple). Oten the subject nethods provide a neans for

determ ning or detecting an increase in the viscosity of a fluid sanple.
The subject nethods are sufficiently sensitive to detect an increase in
viscosity that is |less than about 1 cps, and often |ess than about 0.5 cps
in magni tude. As such, the subject nmethods are sensitive nethods for
detecting aMHTHOPE in viscosity of a fluid sanple. [0020] Another feature
of the subject nethods is that they are el ectrochem cal nethods for
determ ning a change, and often an increase, in the viscosity of a fluid

le. B ' h ' t.that th bij t hod
ol oy a ol PASE WS GRS abRIe Bk Sublecl BRBAidg byiaPEa piefhod e deiampiing
met hods enpthapgaircviscsity of b Hid 4n 1et(wg,,r3w}ﬁ>1éﬂﬁroba @ﬂngﬂg} (‘iﬁéﬂh@@ﬁﬁgg t he

el ectrode and changes therein to determ ne a change | I ScosIt

fluid sanplBethads proyide pgansfoydetaminingeeraletechiog emindr@B2 1 thEhdsdosit of 5t ep
in an enbodj h ding to.the present jnventionis to

i nt roduce gﬂ'ﬂqgg%\? B{cy%gggémggﬁ%ﬁ(gdst%c g'é{f’%egﬂyég'?S’tf‘fee‘P,d"%Cf aningreaggis e, into
an el ect r odduesity dat adkds thabdural dpdemduiRgse keNg and
reference el ectsrzodes. The nature d_(l)!)fg the fl ui%qﬁyﬁ&gggg ‘2’8?'5 %’ﬁéﬁg"sdet %é
fluid is aSeehdbesehicctaaethodsane senistivermetheds, for deteeting echangt treviscosity/og af | Ui d

IS an aqueﬁHﬁ 1d, where of particular interest are physiol ogical
sanpl es. er%gérﬂgﬂfl uid is a physiological sanple, in many enbodi nents

the fluid i[0020]cAsothércfestureast the SEH5EMFhetHEdstib Bfa8 Bey ot OBl W Gt
coagul ation/clotting tinme, and theJr efore P'I! ti ma,eycaan b‘\é\{% erﬁ/ée}'g.mefma

The arount 18 deterpininge ghangs apd @ften mindreast rinfheivisestity nif a fluidsample. By
ol ume.of  FIeGp§eiRtieal b oty e BEISER G e RodFmbloy R wOBingcmeia 1 anges
from about réfeienteeltBirdde. Speifitallyl, tieRudfRRvinethods ERploy: aocdtﬁenaﬂfbdﬁ&fcﬁbéf@% 'y
fromabout 0.3 fo 1.6 L. The sanple is introduced into the
aworking and reference electrode and changes therein 1o determine a change in viscosity
of the fluid sample, as described in greater detail below.
[0021] The first step in an embodiment of a method according to the present invention is
to introduce a quantity of the fluid to be assayed, i.e., a fluid sample, into an
elcptrochcmical cell that includes oppositely spaced apart working and reference
¢lectrodes. The nature of the fluid may vary, so long as the fluid is a conductor, e.g., an
electrolyte. In many embodiments, the ftuid is an aqueous fluid, where of particular
interest are physiological samples. Where the fluid is a physiological sample, in many
embodiments the fluid is whole blood, or a derivative thereof from which the
coagulation/clotting time, and therefore PT time, can be derived.
[0022] The amount of fluid, e.g., blood, that is introduced into the electrochemical cell
varies, but is generally a small volume. As such, the volume of fluid introduced into the
electrochemical cell typically ranges from about 0.1 to 10 pL, usually from about 0.2 to
5.0 pL, and more usually from about 0.3 to 1.6 pL. The sample is introduced into the
electrochemical cell using any convenient protocol, where the sample may be injected
into the electrochemical cell, allowed to wick into the electrochemical cell, and the like,

as may be convenient and depending on the nature of the device/system in which the



el ectrochem cal cell using any convenient protocol, where the sanple nmay be

injected into the electrochemcal cell, allowed to wick into the

el ectrochem cal cell, and the like, as may be conveni ent and dependi ng on
the nature of the device/systemin which the 5 subject nethod is practiced.
The sanple can be introduced into the el ectrochem cal cell using an

I ntegrated m cro-needl e and capillary channel (as described below w th
respect to the electrochemcal test strip of FIGs. 3-5). The use of an
el ect r ocherfPRI&Ft methpd §§ practiged. The sample san b wrodwesddnte the dlecapehienscat celannel

nano- 11 ter S 2P0 Rueiea Bty mfo SRhary ko e Voo m b reueet

the subj ecto RtdQDchBHicBEeSSREp of FIGY. BI3Yi The ust'bf ih ABArdNBRil cell with an
el ectrochem cal cell having oppositely spaced apart vvor{<| ng and reference

el ect r odes integratedanigreentasdé ancheapiliane charioplprovides fiydametaslofy winsually small

el ectrochem @]%I] t eﬁt stri fl?d;he fl ect rgﬁhem' ?.al test strips enployed in
enbodi ment 2O NS IARRE L YRR DGR 19120 paperlitegs loype ¢ifgetivplysamplgyide: al _

el ectrodes [mafwﬁwthlaxéutsjﬁkmahé&aﬁﬁy bé YR in YRS é@ﬁt»bﬁﬁsw BpREnent s define

a reaction area or zone at makes up the electr em ca In other
enmbodi ment slecirdchesiieat celd being oppositey spacddsapartnedrititpsand refeedmee kfszttbdes, in

integrated _into_.ei.ther the r ki n | ectrode or the reference el ectrode
and 5 capt PRy FribRdimiEls (e Sublerneods ahbihy ot slcrodemiedraduin 561 pt | on)
[0024] |n gréfaitemicdr ectt SRIpt nloyell $5 EmBb BT hRUTEHE %%ﬂ;gec& ﬁ@fen%ﬁ h:%%?a ehe
wor king and reference el ectrodes are generally configured 1n the form of

el ongat ed BRef breyopposingtmetakelectmydes separated byhe thiespader biyet, lneheed these odes
ranges fromabout. 1.9 tQ 4.5 ¢ usual | ro about . 2.0 to 2.8 ¢cm The
Wt of ¢ FERBeis dshak %sgactiol Sroa n il thel robes i s cigtrgshemicatiafi in 1 rom
about 0. 24ofher émb&dimintsTihe cteatrotRaniaslGirieiIes MnaRleeb MkFPRRAId mwg?ﬁéé ybave
a thickness ranging fromabout 10 to 100 run and usually from about 10 to

20 nm FI cither e wotking eleqifadei ot dhesefrrense glegirede angd a eapilanysbhenrl ¢see FGst
strips accg)_lfsq,ingghgl— as%ggghq{egct%pgﬁ‘ggdi ments of the subject invention. [0025]
ectro

The working and reference el ec s are further characterized in that at
{0024} In certain embodiments of these electrochemical test strips, the working and

reference electrodes are generally configured in the form of elongated rectangular strips.
Typically, the length of the electrodes ranges from about 1.9 to 4.5 cm, usually from
about 2.0 to 2.8 cm. The width of the electrodes ranges from about 0.07 to 0.76 cm,
usually from about 0.24 to 0.60 cm. The working and reference electrodes typically have
a thickness ranging from about 10 to 100 nm and usually from about 10 to 20 nm. FIGs.
1,3 and 4 provide exploded views of electrochemical test strips according to exemplary
embodiments of the subject invention.

[0025] The working and reference electrodes are further characterized in that at
least the surface of the electrodes that faces the reaction area of the electrochemical cell
in the strip is a metal, where metals of interest include palladium, gold, platinum, silver,
iridium, carbon (conductive carben ink), doped tin oxide, stainless steel and the like. In
many embodiments, the metal is gold or palladium. While in principle the entire
electrode may be made of the metal, each of the electrodes is generally made up of an

inert support material on the surface of which is present a thin layer of the metal

component of the electrode. In these more common embodiments, the thickness of the



| east the surface of the electrodes that faces the reaction area of the

el ectrochemcal cell in the stripis a netal, where netals of interest

i ncl ude pall adium gold, platinum silver, iridium carbon (conductive
carbon ink), doped tin oxide, stainless steel and the like. In many
enbodi nents, the netal is gold or palladium Wile in principle the entire
el ectrode may be nade of the netal, each of the electrodes is generally
made up of an inert support material on the surface of which is present a

thin layer jpi bmi@ﬁaleriap%mnzgan k oA atfu® ek 19960, u'sﬂaly‘ﬁ??om cogron

enbodi nents, the thickness of t inert backing materidl typically Fanges

from about fidm aboiQQ7 tod B&Iuny, vifiletthe A116kiess ofthg metallayemydiedlly rhngestfoorh 78 m
while the thickness of the nmetal |ayer typically ranges from about 10 to
100 nm and 2beifalq i 10Pdum andusually ffasm abow A0 te 4§ nmy ey @tspuiterdd metalilayeayAny

Any convenjent .inert Kin feria enpl oved i n the subject

el ectrodes t%'\?%eéll’%“ IW‘p %g(fquﬂfl %glgféfa %#’F gﬁ%f‘g’%ﬂl%,%gﬁﬁ{ %F‘ftéﬂde?’h‘g R S

capabl e of tyi@Miytthd thatdridl 64 alFigld mURPA that i9 capdble 6f RE{idnRtestAREral sipbbftfo the
el ectrochem cal test strip as a whole. Suitable materials that may be

enpl oyed athetelectindelaindgindutys theaglectrachbemirel s5isttip esa wholy. Seifable Bardjals that
pol yi m de, | ycar,bonat e ol,ystyr.ene, .si.li.con, .ceranj s, .and. the
e, 00281 RAGERTE ting RackiPe RREaRuer PRuE e ET, G boifiidte
enbodi nent poRtarbolfte Sty R FienBBEREHS ciimid)alast MMIMRE kke1g and ref erence

el ectrodes as descri bed above face each oOther and are separated by only a

short di st {26] such A feature |08 thii decirashemisalusetstripreuseddn Kiesgemhadinehésafnce
el ectrodes,in the reaction.zone or.area.of. the el ectrochem cal ,test .strip
s ext r emstty LRl methads KA e WersiRe g Yefprenie clsgireden ¢ divribed abdtrdace

el ectrodeseddh othé¥andwié Spardies by Shly ddshortdiftak®Ssiich tRAt thd)8isPinBS BEYGReR thed
thin spacer |ayer positioned or sandw ched between the working and

ref erence WoddnggudeferpRee elpcleqdes 4n thefreadiion zope ertrea phihsreleispchemigel estom 50

750 i | . . Th i,
So as 1o prap§guily iRl ThET Bim kiatnl Bt 8 dMinkdfa JRRRGes leBBhesiif o
the react ihesubjoetestandpgisnacaill of the prisédcetof pakhin spader Pdyek positiemet ¢éron zone

as well. The spacer |ayer nay have a circular reaction area cut. with side
inl et and $hRdPachedhetwedsythe yarking gnd reference electrodes. The thickness of this spacer

layer may range from 50 to 750 um and is often less than or equal to 500 pm. The spacer
layer is cut so as to provide a reaction zone or area with at least an inlet port into the
reaction zone, and generally an outlet port out of the reaction zone as well. The spacer
layer may have a circular reaction area cut with side inlet and outlet vents or ports, or
other configurations, e.g. square, triangular, oval, rectangular, irregular shaped reaction
areas, etc. The spacer layer may be fabricated from any convenient material, where
representative suitable materials include PET, PETG, polyimide, polycarbonate, and the
like, where the surfaces of the spacer layer may be treated so as to be adhesive with
respect to their respective electrodes and thereby maintain the structure of the
electrochemical test strip. Of particular interest is the use of a die-cut double-sided
adhesive sirip as the spacer layer.

[0027] The electrochemical test strips used in these embodiments of the subject invention
include a reaction zone or area that is defined by the working electrode, the reference
electrode and the spacer layer, where these elements are described above. Specifically,

the working and reference electrodes define the top and bottom of the reaction area, while



ot her configurations, e.g. square, triangular, oval, rectangular, irregular
shaped reaction areas, etc. The spacer |ayer nmay be fabricated from any
convenient material, where representative suitable materials include PET,
PETG pol yi mi de, polycarbonate, and the |ike, where the surfaces of the
spacer | ayer may be treated so as to be adhesive with respect to their
respective el ectrodes and thereby maintain the structure of the

el ectrochem cal test strip. O particular interest is the use of a die-cut

doubl e- si deg, Eﬂ{é fﬂg\é?géﬁl{es%@@aﬁbgf @E%%{mlll rThe[{)oqg%% oﬂ)ﬁe rgﬁ%joélcql’ea

el ectrochem ca S use ese e

i nvention I_mﬁﬂallﬂ Paribel GG AKURt DANG 1orp1aﬁx§@aﬂyfmm laBowteS.2 e 0L, ahE mieE Ki ng
el ectrode, e reference electrode and the spacer |ayer, where these
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above, the teaetiioan aff@alvg&ﬂﬂﬁhﬂédMexitﬁﬂﬂtﬂfﬁoﬂithé fAsliomireh BRlgeRGhlly and in
many embodi ments al so includes an oytlet port. The cross- sectlonaIF aJ ea of

the inlet dasgesfiameabesdxldale Yad0 & 41@ngllxa§omahogt%nflﬂ| ¢03htx y0Temfe to
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present in the reactjon area, where the reagent systeminteracts wth

conponent s For exaraple} in embodiments deherathe snkiceigethods are pseshiardstest a icpagulation
enbodi ment Sv E%étt@&eﬁﬂgﬁ_ f{;ﬁefsag%gf e l%ﬁ&?‘oﬁigaar%fordz%kg%ch?de%%ar%r:%e% I on

event, e.g. asure ion area of i ncl udes

a reagent systémrthitmueaat mbmasiarmkwdeﬁc,aaﬂdeﬂ&n alspUptl@descdcbaghiational so
i ncl udes a COE%H ation catalyzing agent. 100291 The redox couple of the
reagent corfBBYMEREEMhen present, is made up of one or nore redox couple

agents. A \gaag3ty Of Plid 862 B5upi&bthe FRERh oMM W fer PN 8 made up of
one or more redox couple agents. A variety of different redox couple agents are known in
the art and include: ferricyanide, phenazine ethosulphate, phenazine methosulfate,
phenylenediamine, 1-methoxy-phenazine methosulfate, 2,6-dimethyl-1,4-bcnzoquinone,
2,5-dichloro-1,4-benzoquinone, ferrocene derivatives, osmium bipyridyl complexes,
ruthenium complexes, and the like. In many embodiments, redox couples of particular
interest are ferricyanide/ferrocyanide, and the like.
[0030) In many embodiments, the reagent composition also includes a
coagulation catalyzing agent. By coagulation catalyzing agent is meant one or more
components or reactants that participate or interact with components present in the fluid
sarnple, e.g., whole blood, to initiate the clotting process in the blood sample. For PT
assays, the coagulation catalyzing agent generally comprises thromboplastin, which
thromboplastin may be purified from a naturally occurring source, e.g., an aqueous
extract of acetone dried brain tissue, or synthetic recombinant thromboplastin (r-DNA
lhromboplastin), which generally includes purified recombinant tissue factor protein and

a purified artificial lipid component. A representative coagulation catalyzing agent is



the art and include: ferricyani de, pbenazine ethosul phate, phenazine

nmet hosul f ate, phenyl enedi am ne, 1-nethoxy-pbenazi ne net hosul f at e,

2, 6-di met hyl - 1, 4- benzoqui none, 2, 5-di chl oro-1, 4-benzoqui none, feffocene
derivatives, osm um bi pyridyl conplexes, ruthenium conplexes, and the

i ke. I'n many enbodi nents, redox couples of particular interest are
ferricyanide/ferrocyanide, and the |ike. 100301 In many enbodi nents, the
reagent conposition also includes a coagul ation catalyzing agent. By
coagulation cataliﬁmn%{@%@t IS mean{ one or nore onents or reactants

that parti cPpERRORgsting cajgipm 0 htestrtﬂCéemlN VEN® byuDdde sanpl e,

e.g., whol eln@n? Ema]t WMiafHi F{ ate the clotting process in the blood sanple.
For PT assays, the coagula Lt’i on catal yzing agent generally conprises

t hr onbopl asjod3u) vvhl c hOtltelﬁ reagen tkatrhdy beprefidit Rithe réRHoh HAR iAclBat BhALii;
occurring source, e.g., an agueous extract of acetone dried brain tissSue,
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enerally i re fact or protei
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that may bé’hpfpey:eﬁtebﬂwmeneawch enalhpein, |Snc1bsnjerehalb$eelmamgxtohgﬁdllattose.

ci traconat trate,~ymalic, .naleic d" buffers and the
like. Yet E[%?#er agent & FEREGN! ﬁ%ﬁ’erﬂ Bglegréﬁ‘fnttlﬁéf”ﬂfd%l? B‘i%‘éﬂfh}t‘g’t’%@esuch
as cal ci umagioars dehe v:ﬂi‘tﬁlsf&ﬁﬂféﬁém |\QH %erém@faﬂﬂuﬂ%ﬁmé Withlfe% IIBJ»F]

Macol , Tetronic, Silwet, Zon?/ and | uronic; stabilizing agents suc
al bumi n, s@e\lmg@omppgqmnxm@al Ynfﬂnmstfmm abowut § @cIOBQenM 90HR ] frothabowfPant

system wh S present m . The f the
vari ous cogggﬁgﬁt zﬂéngﬁdu\icgg?%xaéé’}jél t EPRAD ‘EHYPIES?IYX RBBERr Z"@’Bu{rg ﬁ"’gﬁyupl e
conponent uspiligdrdy abonge® 19 MM;akReimburit®f bAFS: Wcaﬂf Watged flohPMaPeYs 90
to 900 nM the reduced redox coupl e conponent typica ranges from about

1 to 20 mvBO0 guarsuplly from abewi 5040 460 xMypand tﬂ‘lhémnmﬂftcoegulbutﬁli eatalygipgcal | y
ranges fromalQnpOndim typically ranges from about 0.005 to 50 mg/cm’, usually from about

0.05 to 5 mg/cm” . The overall mass of dry reagent present in the reaction area or zone in
these embodiments generally ranges from about 4 to 700 ng/cm?, usvally from about 8 to
350 ng/cm®.
[0033] Representative electrochemical test strips for use in the subject methods
are depicted in FIGs. 1 and 3-5.
Following sample introduction into the electrochemical cell, a constant electric potential
is applied to the cell in a manner sufficient to produce a steady state current between the
working and reference electrodes of the cell. More specifically, a constant electric
potential is applied between the working and the reference electrodes in a manner that
produces a steady state current between the two electrodes. The magnitude of the applied
electric potential generally ranges from about 0 to -0.6 V, usually from about -0.2to -
0.4 V. In many embodiments where the-sRicARBofhical cell includes a redox couple, as
ddwrrebed above, application of the constant electrical potential as described above results
in the produimi tof thetcanytatnef alectmdxescrilséditedthe following formula:

F is Faraday’s constant, i.e., 9.6485x10*C/mol;

A is the area of the working electrode (cmz);



300 MM wusually fromabout 50 to 100 mM and the anobunt of coagul ation
catal yzing agent conponent typically ranges from about 0.005 to 50 ny/cng,
usually fromabout 0.05 to 5 ng/cn2 . The overall nass of dry reagent
present in the reaction area or zone in these enbodi nents generally ranges
fromabout 4 to 700 ng/cn2, usually fromabout 8 to 350 ng/cnR. [0033]
Representative el ectrochem cal test strips for use in the subject nethods
are depicted in FIGS. 1 and 3-5. Follow ng sanple introduction into the

el ectrocheni cal Deislthe diffsRSIcRB R of ﬂie%l@ﬂ:ﬁr%ﬂﬁé fin (cn‘ns/séc@ {vh?rg the cell
in a manner sufficient to produce a stead ate current Betwesn

wor ki ng and r ef er ence ce¢figienbaiey bofdetehmmdlftom Mok frpelair i. eall(i;,y),_-ladce(o%t ant

electric potential is l.i.ed between the rking and the reference
el ectrodes in a nanne?ﬁ’?ﬁ"dtls gﬁ%@ﬁéﬁ%%l@?@aw ‘Q‘E gleetrede; prdhi isimevsee); t he

oo e ect odes.  Thg TRUBIADR cohBENBRBhIRACEhCELT L RRbENLIG  Soneral Y

ranges fromabout 0 to -0.6 V, usu I n many
enbodi nent sconbentmtibnpamdRk A&&I  cal ceII i ncl udes a redox coupl e, as

ddnmebed above, ﬁg{(}yl cation of the constant electrical potential as
descri bed above plaace betweernthe electnoden (capse.g.-the spacer Hfigkness.nm tnrth ~

od e ol W, 1 TR o RN SRR b i HRARAS ™ A

is the area of 't he working el ect

coef f i ci entcunknt, he déseribed gtaoviedis remnvagrsﬁmﬁcdenammﬁm)dmbﬁts &bk cient may
be determnpﬂ)fromFl k's first ﬁ gé )=-D dCo(x,")/,,, where |
is flux OFHB‘”BBS‘ ¢ [odal amaumt o %“‘Slf%‘t*ﬁﬁé obtaimghe ste 3t$lm§ cogrent) j.e.0bei s

the redox GBHBA FroRPRREHIE Eﬁ‘t”r* Wihk %gil/t& Btabl inent qu t%[cfg s{(%t%)@hrqgm is lessy

concentration; and L iI's ance between

spacer thi diancabont 1§ ea84ds, Tseallyessathan above loedidoﬁds raﬁa oiteR eariges AbhPdbdut ye
requi site stggd tate current, as described above, is relatively short in
certain entd I n such

[0035] Flgure 2 shows the time-current plot of a typical data set where blood is
introduced into a strip and the current is monitored with time.

[0036]) The next step in the subject methods is 1o detect a change in the steady
state current and relate this change to a change in viscosity of the sample. In many
embodiments, the change that is detected is a decrease in the steady state current. The
magnitude of the decrease in the steady state current that is detected in this step is at least
about 2%, and usually at least about 10%, where the magnitude of the decrease in many
embodiments ranges from about 2 to 90%. In other embodiments, of interest is the rate of
change between two steady state values, one before and one after the coagulation event,
and the relation of this change in rate to the presence of the coagulation event.

[0037] The detection of the above described decrease in steady state current is
then related 1o an increase in viscosity of the fluid sample in the electrochemical cell.
Relauvely small increases in viscosity result in a detectable decrease in the steady state
current and thus can be detected by the subject methods, where the magnitude of the
increase in viscosily may be as small as 0.5 ¢ps or smaller in certain embodiments.
[0038] In many embodiments where the sample present in the electrochemical

cell is whole blood and the reagent composition includes a coagulation catalyzing agent,
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enbodi nents, the total anmount of tinme required to obtain the steady state
current, i.e., the period fromsanple entry to the cell to establishnent
of the steady state current, is |less than about 15 seconds, usually | ess
t han about 10 seconds; and often ranges fromabout 4 to 15 seconds. [0035]
Figure 2 shows the time-current plot of a typical data set where blood is
I ntroduced into a strip and the current is nonitored wth tine. [00361 The
next step in the subject nmethods is to detect a change in the steady state
current andhe inlcadage inwiscositgrigthen eelatedhatigeonser ofices@dation iafthé BRodaampR, | N
many enbodi ments, the change that is detected is a decrease in the steady
state curr éft therpreurrgnes el a,eragylationevert o dlood dloftingén theddond samaple curr ent

wbout 10% W | ne MRyt e incsSeM vicksig adBedmianls | anges
from about detebQoP0fthe lohséiioTebaQiTRNsH HRAE Bloo@ karhpleVehit askﬂeHh?exh?fo?ﬁgio

change between two steady state val ues, one before and orie afte
coagul at i odeterraie the BRofthebloet sample. by thesei enbutdiments; the petied extending froasence

e Con g o 5T e 5L KLt o Gh e
viscosity gfady@afe!cii@nta i intreate ﬁhﬁs&kﬁﬁbﬁé&?bﬁéﬂaﬁ?a&ﬁﬁ lid deterBih&d AndEiny

smal | increases in viscosity result in a detectab ecrease I n the steady
state cur P& tegmblopd gemplens Werivist emdhis iynet feeioduBhe time rme whrhssamplieemeishe
magni tude gf th increase in viscosjty may be as small as 0.5 cps or
aaller i neaTrosafiBERTLIRy b S5G8ka R ang Romemn PR, W @apiular
sanpl e prepRdcoldlerhpPloyed ffalyTdephRITIaCRlast if Bhit, dnthvhaiuse 5 @ thaddidvie r eagent
conposition includes a coagul ation catal yzing agent, 10 the increase in

vi scosi ty Pmployed wili the electrochemicalaslit Inglertgipegitasiments; the time thitahpiaispl e,

.e., th . |.aft | | ood cl ' | bl ood
sampi e, [ BEARERNR Y iR UBERILAM A BT m B R fer BBy, R
concomi t anineted @iagCiutariatidally hﬁtd@ﬂ%ﬁpwﬁmﬁﬂ&&ﬁdlﬁi&li&meicﬂbcirb@h&hn@ﬂ%eﬂ?éf@.:, By

bei ng assayed is enpl p}/ed to _determne the PT of the blood sanple. In
é‘it?ﬁiﬂ’@s"’,“ inpigl desreasg 1B dhecyndiage requigpd to achieve a constant current between

the working and reference electrodes of the cell. (See U.S. Patent No. 6,193,873 B,

t hese enbo

incorporated herein by reference.) Other protocols for sample detection in the cell may
also be employed.

[0040]} The above computational steps of the subject method, e.g., relation of the
time period from sample introduction to onset of coagulation to the PT of the blood
sample, may be accomplished manually or through the use of an automated computing
means, where in many embodiments the use of an automated computing means, such as
is described in connection with the subject devices discussed below, is of interest.

[0041] The above described protocol may be carried out at room temperature or at
an elevated temperature. Typically, the above protocol is carried out at a temperature
ranging from about 20 to 40 °C, ¢.g., about 37 °C.

[0042] The above described methods find use in any application where the
determination of a viscosity change in a fluid sample is desirable. As such, the subject
methods suited for use in the determina‘tion of PT of a blood sample, and as such find use
in any application where the determination of PT is desired, e.g., those applications

described in the Background Section, supra.
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the initial sanple introduction into the reaction area or zone and/or the
establishnment of a steady state current and increase in viscositylonset of
coagul ation is determ ned and the PT of the blood sanple is derived from
this time period. The tine at which sanple enters the el ectrochem cal cel
may be detected using any conveni ent protocol, where particular protocols
enpl oyed may depend, at least in part, on the nature of the neter device
enpl oyed with the electrochemcal cell. In certain enbodinents, the tine
that sanple is introduced directly into the reaction cell can be manually

recor ded. t i y automatically detect sanple
I ntroducti wb%r@g&ﬁ%ﬁﬁﬁmﬁgcel |, e.g., by detecting an initial
decrease in the voltage required to achieve a constant current between the

wor ki ng and reference el ectrodes of the cell. (See U S. Patent No.

6,193, 873 B1043)i ncor pitefatrimy tofIGSN 345y an efeetrechiethidal @¥sh SiipBODt 268 Mg 18 The
sanpl e detection in the cell nay also be enpl oyed. [00401 The above
conput at i oREASERiIBRention ipgludes ) deetropberminal call 310, ap éntegriatsd moicra-heedla 3260

period fro 2B eEoraldly i f coagul ati to t,he PT of the
bl ood sarrpq*cz, néggﬁgghacggg% ?lgqﬁﬁe]gl %&?\ﬁéa]f“ﬁ?cg?m%ﬂl ﬁ%ﬁq*ﬂ‘é‘“dgsea yerking
automat ed eleopodd 380, arefenence\Wieirode BAOTRPIE2681HBMOSRE BE0 bhE a Y&:f@e A mBfure
aut omat ed copputing nmeans, such as is described in connectidn wth the

subj ect devr@es di scussed below, is of interest. 100411 The above descri bed

pr ot ocol "F004 : | ratur at _an.el evated

t enper at ur e. %; p\)? %ﬁ*@gegﬁiﬂe:%g{/@ag% %Féggg F%tho%a#){q b 08595“5{3’ spacedapartyyr e
rangi ng fr dividedepacetQayer 370. Oivided spacenfagert 370 sef¥kes td BHR] albRE vAOWSrKkin
descri bed net ho squind ugse in any application where the determ nationg of a
vi scosi ty elﬁ&%‘g 337 apd; 'Iciﬁfep%ﬁﬁﬂ"@# 54%&? peudariesiaf edetrochemisakestj Béx

et 08 WS st ol T B AR Y sl .
e.g., thosmatpigl.isueh avthose desstibedatbvien RebgenBarikgro3s0iafecticprd apd a. 11
EL ECTR%EMagCé‘l% S}sﬁ?;l) 1Sr;|(-:|l?\|1£§ a coagulation reagent and a redox couple and has also been
described above. Reagent mixture 330 can be deposited on one or more of the reference
and working electrode by any conventional technique including, for example, spraying,
ink jetting and slot coating techniques, but preferably it should be deposited on the
working electrode 350. '
[0046] Integrated micro-needle 320 is adapted for obiaining a whole blood
sample from a user and introducing the whole blood sample into the electrochemical cell
310 via integrated capillary channel 380 of electrochemical test strip 300. Once
introduced into the electrochemical cell 310, the whole blood sample distributes evenly
across spreading grooves 360.
[0047] Integrated micro-needle 320 can be manufactured of any suitable material
including, for example, a plastic or stainless steel material that has been spuitered or
plated with a noble metal (e.g., gold, palladium, iridium or platinum). The shape,
dimensions, surface features of the micro-needle, as well as the working penelration

depth of the micro-needle into a user’s epidermal/dermal skin layer, are configured to

minimize any pain associated with obtaining a whole blood sample from the user.
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[0043] Referring to FIGS. 3-5, an electrochem cal test strip 300 according
to the present invention includes an electrochemcal cell 310, an
integrated m cro-needle 320 and an integrated capillary channel 380.

El ectrochem cal cell 310 includes a working electrode 350, a reference

el ectrode 340, spreadi ng grooves 360 and a reagent m xture 330. [0044]
Wor ki ng el ectrode 350 and reference el ectrode 340 are oppositely spaced
apart by divided spacer |ayer 370. Divided spacer |ayer 370 serves to

define, al ] tNaj | f | ect 340, th
boundar i os. o ol et onhen - PRR} REecnindlfal EHFTR <51 foohe posthiand

reference elifentionearBthie aay shieablofommckrofivnao)ons kiR e the Wi flchiine S4Ch as

t hose described a(iovg Eiea%egfp m xture 330 (also referred to as %\ r eagent
systen i ncltRsEled g, Haight PHEatipaneriahNos (94USY&I(fikédomAdghagd, 206K), been
descri bed abomes \ Sit 0 e or nore of the
ref erence ?nfg V\’S?Ei?ﬁlgat&ne%cﬁdégg’ @q&ﬁ@%c%ﬁi?gﬁﬁ%meﬂ%@hﬁ&%em/h@,l@ﬁ' ng,
for exanpl e(filepoaMayog, 2002k and10/1 48,420 (Filsh 6k M, ﬂg@, 1 Pt
preferably it shou!%& be degosi tedm%n the  wor ki ndzglg%}é??{)lﬁse ém%ﬁl@]

| ntegrat ed HCePSIatedn Rlidntrefesenggapt ed for obtaining a whol e bl ood sanple

froma user and introducing the whol e blood sanple into the el ectrochem cal
cell 310 via integrated capillary channel 380 of el ectrochem cal test

strip 300. [0842] During asiucRelcitiicBeinial RsEaEp 860 eNNaale £8! | . whol e
bl ood sanpl e distributes evenly across _s[;irsead’i ngéI r%g\?égvlé%%l_alo%ag%?]
I ntegrated fHrediseddalg clectrashemicabesihdifuviadntegretdd ohpitlany chahad 386 ardier i al

i ncl udi ng, &&k; ' r_.staipl steel, materi al. _that has been

put ter oq o ISFEATRL Ly sfuh 8Bkl CiliniSh %l 30 By Goading gt o ded wrerdi um or

pl atinun . kes slda@epunoﬂhmarbyiimagr,ateﬁuﬁfcm—ﬁea‘d?étsweﬁleétioéh:aﬂaié’a‘il %spétﬁg%h?’ as
ser's

wel | as the V\%ki n )E%netration depth of the mcro-needle Into a
epi der mal / f8P F"&Pg‘? |18 thodsraccergime; tguhaspresent invention, a6 wallyasjininrethods

associ at ed 4tdrlingttba).91 Potert AN GiBh 80 IRTO0Fr2E REERS 4S5 centlr 13,
2000), which is hereby incorporated by reference.

[0050] In FIGs. 3-5, integrated micro-needle 320 is illustrated as integrated with
reference electrode 340. However, once apprised of the present disclosure, one skilled in

the art will recognize that integrated micro-needle 320 can be alternatively integrated
with working electrode 350.

[0051] An advantage of electrochemical test strips that include an integrated
micro-needle according 10 the present invention is a very minimal blood residue
following puncture of a user’s skin by the integrated micro-needle. In addition, whole
blood samples obtained with the integrated micro-needle are simply and effectively
transferred directly to the electrochemical cell via the integrated capillary channel.
Therefore, there is no need for a user to form a hanging drop of whole blood on the user’s
skin to conduct a test, thus avoiding difficulties associated with stopping blood flow from
a puncture site that has formed a hanging drop of whole blood. In addition, the
integrated micro-needles of electrochemical test strips according to the present invention

can be adapted 10 obtain a whole blood sample with a volume in the range of
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[0048] M cro-needl es enployed in electrochem cal test strips according to
the present invention can take any suitable formknown to one skilled in
the art, including those described in U S. Patent Application Serial Nos.
09/919,981 (filed on August 1, 2001), 09/923,093 (filed on August 6,
2001), 10/143,399 (filed on May 9, 2002), 10/143,127 (filed on May 9,
2002) and 10/ 143,422 (filed on May 9, 2002), each of which is hereby

i ncorporated in full by reference. [0049] During use of el ectrochem cal

test stripagHOxinmatsFNMB0enanb-1Rers (VNThRrd1iR2Y )0 180 nhiti-liRE CSidcd NHRect
el ectrochemcal cell 310 via integrated capillary channel 380 and is

di st ri but edoielehey exisisthevesndaereesedapiumag ot whole dl@dgbtaiped frdinmusgr endas 360
when a wuser's skin is punctured by in rated m cro-needl e 320.

et r ochomescased slse o Pfaisamélodls 4l GRS empF e Rt atos Withe 1o < ne
present i nyaRttGhiverton\Webvidé for IBdWERHBRISdur gding to U S. Patent
Application Serial No. 09/736,788 (filed on cenber 13, 2000), which is

hereby incorporated by reference. [00501 In FIGs. 3-5, integrated

m cro-needle 320 is illustrated as integrated with reference el ectrode
340. HoweveEYIHce apprised of the present disclosure, one skilled in the
art will recognize that integrated m cro-needle 320 can be alternatively
integrated with working el ectrode 350. f00511 An advant age of

el ect rocheilfl8S3] t est Also ppwideldaty thestbjedet inventioh agraeteds fomugy in-pnaeicting the
according tq.the prese inyention is a very mninal blood residue,

f ol | owi ng o rEnn b g %fﬂswtm&alfmmﬁr%ém%lewm Bein | n
addi tion, yRedsry drfRAdsaApR! S @@hﬁe‘t&@%r%éd%uﬁﬂftﬂef}ﬁeﬂfz{"ﬁlﬁgd @hﬁ@@iﬂﬁﬁ%e
are sinply and éffectively transferred directly to the el ectrochemca
cell via tbwbodimegtsalbel seltipétimeteng typisalheincluddh é)afmeans forapptying amelecteied f or

to form.a . hang f “whol e bl oqd ! Ki duct
S Veet, | CnpQeBd R geaortRlied st iosuni e stpledas Boghintig RO R ow 1 om
a punct ur epghhsfol bithsiiafy & diRdnfin88 eI AndlediBg Of sttdag! sPatOb@rocht i theaddi ti on,

the integrated mcro-needl es of electrochem cal test strips according to
t he presentc) ppeans ferfetectingschapgpindhe stgadbitate sueenttinthe wsilloed., salepleaseint h a

volune in jh %tcraﬁf? Yatdurrent of the cell; and (d) a means for relating the change in steady state
current to a change in viscosity of the cell, e.g., a means for relating a decrease in steady
state current in the cell to an increase in viscosity of fluid in the cell.
[0053] The means for applying an electric potential to the electrochemical cell, means for
measuring a steady state current in the cell and means for detecting a change in the steady
state current in the cell may be any convenient means, where representative means are
described in WO 97/18465 and U.S. Patent No. 5,942,102; the disclosures of which are
herein incorporated by reference. See also U.S. Patent Nos. 6,066,504; 6,060,323;
6,046,051, the disclosures of which are herein incorporated by reference. The means for
relating the change in steady state current to a change in viscosity is typically a
computing means present in the meter which is capable of relating the measured change
in steady state current to a change in viscosity of the fluid sample. In many embodiments,
this means is further a means for relating the change in current/viscosity to the onset of
coagulation, and is ofien a means for determining the PT of a blood sample. See e.g.,

U.S. Patent No. 6, 066,504; the disclosure of which is herein incorporated by reference.
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13 approximately 100 nano-liters (0.1 mcro-liters) to 140 nano-liters.
Since a direct «correlation exists between increased volunme of whole bl ood
obtained froma user and an increased sensation of pain, nethods and

el ectrochem cal test strips according to the present invention provide for
reduced pain during use. DEVICES [0052] Al so provided by the subject

I nvention are neters for use in practicing the subject invention. The

subj ect neters are typically nmeters for nmeasuring a change in viscosity of
fluid sanpl ggji@nd are neters for nmeasuring the PT of a blood sanple in nmany
enbodi ments.” The subject neters typically include: (a) a means for applying
an electric potential to an electrochemcal cell into which the sanple has
been introd g (b) a neans for measuring cell current in the cell,

i ncl udi ng aﬂﬁﬁ lady st A\lgo proavidedtare kits fos ueein pract(cm)g thersabyjest memoahameucht@g a

h t t inth d th
cteady st at O EEREY: b8 ibo A R inglylle bn Fiegeemeal stastal st sigp teaﬁ'égmmée
| steady sitve. Thesutgad: kionfytiaRGantiay h iaal fof oBlililE a hldioloich sagihre

means for relating a decrease’in steady state curren
i ncrease i nFiexemple, pwhete fhemholsmlogudaésam;blh is 106&3he Fiktgedrkad sndyFurtRérp! yi ng
an el ectri CinPRLERLL aI t.0 e ele hem cal cell, nmeans for neasuring a

steady state currenten’ ,iowpgalegqa F@éﬂ& sush agalance fWth’&kt!llSa@(@@ﬂ,ra t he
steady st alhﬁcecwtﬁaeia;h rhéans ¥hdagl hkérEIM aESm%H t}xE gﬁ%g& tgtnﬁ[ﬁgﬁa% ?htﬁanon

representative neans are described in WO 9
5,942, 102; Peansdpsedlibsatingsthe insigiment, aigs, a dvatrel solitimoopasmiaed] elpy, 4 ef er ence.

S | u. 060 6, 046, 051; the di |
of cwii ot ar SRRIGREoE soflniog har Bes  Keawe Rl dither 8 cerdain gmboAimans, the ki ¢ ho.
change in silmdwuaéahauﬁ#ﬂa&%s&ﬂn@ntcm&ﬁéa db'o%%} Hé’tf&tﬁﬂgftlﬁ?hﬁ%l%tyofa

conputing nmeans present in the neter which is capdble o
measured c lﬁ?@@' praslused am thesstrip followving sample applidating end mlm@nhs ldétyscteﬂ t he

fluid sanpl ns.is furt e nmeans for
rel ating t zod: %h%@gﬁrq%ﬁ??fe%ﬁ/?%nc@g S“?)P[m F iy C}H%gltsﬂ’l‘ f@dﬁﬁﬂ‘l‘:ﬂ?ﬁl%ﬂ‘?r and
is often ausimgnbe Suljed ditcsomponens M the Ak tediniratiBh 00 8n SAMTPleonSSfraBolin a

physiological sample. These instructions may be present on one or more of the

packaging, a label insert, containers present in the kits, and the like.

[0055] The following examples are offered by way of illustration and not by way
of limitation. |

EXPERIMENTAL

L Electrochemical Test Strip Preparation

[0056] An electrochemical test strip consisting of two metallized electrodes
oriented in a sandwich configuration was prepared as follows. The top layer of the test
strip was a gold sputtered Mylar strip. The middle layer was a double-sided adhesive with
a punched hole that defined the reaction zone or area. The punched hole was a circle with
two juxtaposed rectangular inlet and outlet channels. The bottom layer of the test strip
was sputtered paltadium on Mylar. A reagent of citraconate buffer, ferricyanide,
ferrocyanide and relipidated recombinant tissue factor was ink Jetted on the palladium

sputtered surface. The amount of reagent ink jetted onto the palladium sputtered surface
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U S. Patent No. 6, 066,504; the disclosure of which is herein incorporated
by reference. 14 Kits [0054) Al so provided are kits for use in practicing

t he subj ect nmethods. The kits of the subject invention at |east include an
el ectrochem cal reagent test strip, as described above. The subject kits
may further include a neans for obtaining a physiological sanple. For
exanpl e, where the physiological sanple is blood, the subject kits may
further include a nmeans for obtaining a blood sanple, such as a | ance for
sti cking a wasfging/em’. |Ammeh abe ambuntrofreiaasonats isuifdiavdsi100. ng/omAagdiit ymide t he
subject kits % E&glyd a calibration peans for calibrating the

i nst runent “""ér% | NECIR onftif gmoyBl ok fepAcyanidervasdhnrgiome agd theamewetgd| at i on
control sol yt ] 1ine. tai odi nent the kits
al so incluéé&gﬁﬂgﬁ?gﬁﬁ e c@ﬁé@@ﬁﬂ%ﬁ%? a§5§%E@F?§&H”%@H@ggﬁggPPdtﬁBEF1Hb t he
amount of Hi.aduct produced on the strip follow ng sanple application and
relating the detected product to the anount of analyte in the sanple.
Finally, the kits include instructions for wusing the subject kit

conmponentsyn t ?c?t rFmrati on of an anal yze concentration in a
physi ol ogi (I:fétl s?rﬁ:t) ew%ﬂ?ggg i nstructions nmay be present on one or nore of

the packagi0Ogy) Thelabbed désesibed suiF@@éxﬂbm@é@:dMe@&ﬁﬁﬁe (e B8 Xblodd satfifle b
| i ke. [0055] The follow ng exanples are offered by way of i1llustration and

not by way follgws. iAni.6 ad iblnod sEmipleRis MENTdced intEthectaionanscar zofie of thttest Btrip
Preparation 4 0561 @en. §I ﬁctrochem' cal test, strip consisti n& Qf .two .

metal | i zed® SPEREIIGARAnImE 15 raerdefif) EonstashPeigntialiaf B3 Wais apPlipr ed as
follows. Thaween theaw6ikisy atdYefdr&ide elctifolles, Yad 1 H&l Mewot TP
The niddle Iayer was a_"%ﬁbl e-sided adhesive w th g“ﬁﬁ#%%‘?ggag’épghﬁh%”t%

def i ned t helegtzedesiipmondorsdoThaappgaralibeobasteadycstito karremtss firstiderettedi t h two

j uxt aposed,rect ul ar inlet, an ut] et cha | s. The.bottom | ayer of the
oot auri plOiReAs Horiate fLind HeelihR Al 15s Tmeprgiod oo he il sapele
buf fer, feintiodu@fdirie,the decrease in steady state current is determined and then related to the

PT of the blood sample. Figure 2 shows the time-current plot of the data set where blood

is introduced into a strip and the current is monitored with time.

[0058] The above results and discussion demonstrate that subject invention
provides a simple and powerful tool to determine the PT of a blood sample. Advantages
of the subject methods over non-electrochemical based coagulation detection methods
include use of low cost materials and the opportunity to use wide variety of controls,
including plasma based controls. Additional advantages of the subject invention include
the ability to employ small sample volumes and the fact that the electrochemical
measurements made by the subject methods provide a simple-to-interpret signal that
converges to a steady-state value. Yet another advantage is the ability to use low cost
electrochemical based meters, which provide for significant cost savings. As such, the

subject invention represents a significant contribution to the art.
[0059] All publications and patents cited in this specification are herein

incorporated by reference as if each individual publication or patent were specifically and

individually indicated to be incorporated by reference. The citation of any publication is
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ferrocyanide and relipidated reconbinant tissue factor was ink jetted on
the palladium sputtered surface. The anmpbunt of reagent ink jetted onto the
pal | adi um sputtered surface 15 was 597 ng/cnR. As such, the anmount of
citraconate buffer was 120 ng/cn? ferricyanide was 460 ng/cn2 , the anount
of ferrocyanide was 8 ng/cn2 and the anmpbunt of reconbinant tissue factor
was 9 ng/cn2 . An exploded view of the test stripis showmmin Fig. 1. H
Det ection of PT [0057] The above described strip is enployed to determ ne
the PT of foiltfiskisfi®bfiorfo tnt BingWte dhdsh6uiinolboeshohRpRb:Eal SamikibRdHA
into the reaction area or zone of "the test strip ané the sanple

i ntroducti the presemt inventom isced entitlablosintedatesatie phblidatioh by Firdue\ofi rioappl i ed
bet ween the working and reference el ectrodes, and the resultant current

bet ween t h&YER{BOMel ectrodes i s nonitored. The appearance of a steady state
current is first detected, followed by a decrease in the steady state
current. The tine period fromthe initial sanple introduction to the
decrease i (0080 adhoaghtle forsgoiny inventibeltag bededesaribed hadnfecdepdiby wWay bhe PT
of the blood sanple. Figure 2 shows the tine-current plot of the data set
wher e bl oolustrationandyexae forpyTResss o ¢anity of undersiandisgt it issreadity appaesnt e t h

time. [005 T . I - d] SSLOR. trate.that subj.ect

i nvention ﬁl%?%w%{eags}% \é’?é%‘ﬁgﬁéﬁ ezar{g{hgléﬁgr%? maf%c(r)ﬂlmd%%g& 3@%&?"&1‘11’5@“ ﬁwbce’g Bt a
bl ood sanptimngédumivnadifivations mbebs tajde tierets Witidat dopRrtinRonReigiacheni cal
based coagul ati gn detection nethods include use of |ow cost materials and
t he oppor t ¥8P¢ 9 the appendgdydaimsr i ety of controls, including plasma based
controls. Additional advantages of the subject invention include the
ability to enploy small sanple volumes and the fact that the

el ectrochem cal neasurenents made by the subject nethods provide a
sinple-to-interpret signal that -converges to a steady-state val ue. Yet
anot her advantage is the ability to use | ow cost electrochem cal based
nmeters, which provide for significant cost savings. As such, the subject
invention represents a significant contribution to the art.
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[ 00591 Al publications and patents cited in this specification are herein
i ncorporated by reference as if each individual publication or patent were
specifically and individually indicated to be incorporated by reference. -
The citation of any publication is 16 for its disclosure prior to the
filing date and should not be construed as an admi ssion that the present
invention is not entitled to antedate such publication by virtue of prior

i nvention. [00601 Although the foregoing invention has been described in
sone detmI_Jﬁﬁﬁﬁﬁélﬁﬂhﬂﬁﬁﬁ§tration and exanpl e for purposes of clarity of
understanding, it is readily apparent to those of ordinary skill in the
art in light of the teachings of this invention that certain changes and
modi fi catiqns ”B&nﬁ%d@ﬁ%d&fé@ﬁﬁ%@cﬁ!rﬁg@%thedﬁﬁ%@ Bfa hﬁfar@a ?e %ﬁurméthea
scope of the appended clainms. 17 WHAT IS CLAI ME for
detecting sompasgg:in the viscosity of afluid sanple sald nethod
conprising: (a) |ntroducang a sanple into,an electrocuentcal cel

conpri si ng oppodf}t el YT g2 S3APlE 10 2RiCiRStranke g el compEsing apgasitely
wherein one of thg.op Kh%rﬁt%g anH?éﬁf&@?@le@ﬁ@&tsf Qﬂ&%?fbcg}}éldﬂ Wﬁﬂﬂf%h?(grat ed

m cr o- needl e for 0 ta| ning the€ sanple roma user; applying

el ectric pot ent ireferenoe skicttoddsantlndesmnintegtatedinicro mepdle farabtainingtikashmpsle at e
current between _said o ositely spaced apart working and reference

el ectrodes; (c)f H’é‘téd‘?? ng a change in said steady state current; and (d)
relating said c ge : it i I Lty of
said fluid sarrglﬁg. Z#Bfﬁtlgf%%{lﬁ%(}jﬁg?téﬁﬁgﬁ%lda ereint eéelmnlgtﬂlp?) uc%trzt'g step
i ncl udes i steadydsteierayreehebetween said oppositely spaced apart working and reference

electrodes;
{c) detecting a change in said steady state current; and
(d) relating said change In steady state current to a change in viscosity of said

fluid sample.

2. The method of Claim 1, wherein the introducing step includes introducing the
sample through a capillary channel integrated into the micro-needle and electrochemical

cell.

3. The method of Claim 1, wherein the introducing step introduces a sample in the

range of 100 nano-liters to 150 nano-liters in volume.

4. The method of Claim 1, wherein said fluid sample is a physiological sample.
5. The method of Claim 4, wherein said physiological sample is blood.
6. The method of Claim 5, wherein said method further comprises relating said

change in viscosity to the prothrombin time (PT) of said blood.
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sanpl e through a capillary channel integrated into the m cro-needl e and

el ectrochemcal <cell. 3. The nethod of Caim1l, wherein the introducing
step introduces a sanple in the range of 100 nano-liters to 150
nano-liters in volume. 4. The method of daim1l1, wherein said fluid sanple
I s a physiological sanple. 5. The nethod of Caim4, wherein said

physi ol ogi cal sanple is blood. 6. The nethod of Caim5, wherein said

met hod further conprises relating said change in viscosity to the

pr ot hr onbi 7.t i METKeRhgthol of alaiin | wberein $hid eledhechzrtitud deldtomprsd® alsedvbier ei n
said el ectrochem cal cell conprises a redox couple. 8 A nethod for

det ecti ng tRBPMnset of coagul ation of a bl ood sanple, said method
conprising: (a) introducing said blood sanple into an el ectrochem cal cell
conprising: (i) oppositely spaced apart working and reference el ectrodes;
and (i) & reagsiethdddor deteEOHEhE DS ofl chAAPMIHVIR Bood RN RE alBeModt he
wor ki ng and reference el ectrodes includes an integrated m cro-needle for .
obt ai ni ng tchmppisimgd sanple froma user; (b) applying an electric potenti al

L0, 5o EEC O aloditle 81 RRINERR PO B ST
detecting a change injsai dop?io@i?éWsﬁﬁH%pﬂ‘Woﬂﬁhg aRd fbféEhcd ALatddag; A7 d

change in steady stat€ current to onset of Coagulation in said bl ood
sanpl e. 9. The net hodiipf G miagen® minhee eomprsingla cédomgoupls; a decrease. 10.

Ig? alrritz Ihgg wqubcgﬁgglén 0? lhe%oer 1enignan arltiatgrern%g gl%gttroge%r{]%lilgcessanaint%g%%ﬂ l%tlci:rg-r}medlc
for obtaining the blood sample from a user;

(b)  applying an electric potential to said electrochemical cell to produce a
steady state current between said oppositely spaced apart working and reference
electrodes;

(© detecting a change in said steady state current; and

(d) relating said change in steady state current to the onset of coagulation in

said blood sample.

9, The method of Claim 8, wherein said change is a decrease.
10.  The method of Claim 8, wherein said reagent comprises a coagulation catalyzing -
agent.

11.  The method of Claim 10, wherein said coagulation catalyzing agent comprises

thromboplastin.

12.  The method of Claim 10, wherein said method further comprises relating said

onset of coagulation to the prothrombin time of said blood sample.
13.  Ancelectrochemical test strip coinprising:

an electrochemical cell comprising:

(a)  oppositely spaced apart working and reference electrodes; and
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11. The method of C aim 10, wherein said coagul ation catal yzi ng agent
conprises thronboplastin. 12. The nethod of Caim 10, wherein said nethod
further conprises relating said onset of coagulation to the prothronbin
time of said blood sanple. 13. An electrochem cal test strip conprising:

an el ectrochem cal cell conprising: (a) oppositely spaced apart working and
reference el ectrodes; and 19 (b) a reagent m xture conprising: (i) a redox
couple; and (ii) a coagul ation catal yzing agent, and a m cro-needl e

integrated into one O(Q,gthea y@gg,hqgixﬁﬂgcggﬁ%ﬁgigg.ce el ectrodes. 14. The
el ectrochem cal test strip of Caiml3, erern said oppositely spaced

wor ki ng and reference el ecfiy odesreios covplayatded by a di st ance ranging from
50 .Lmto 500 m 15. The .I)ectroche ical test strig of Claim 14, wherein
sai d coagul ati on catal yzi n@' agefite&t ic2lyzing 2g%8bsPdstin. 16. The

el ect rochem cal i gho SLePDiRlerlealiff Lic oPRNGRIRALE ERIREC SRR ReCOTP! | SCs

a ferricyanide an errocya he el ectrochem cal test strip of
claim13 further including a capillary channel adapted to convey a fluid

sanple fromthe _ncro-needle to the el ectrochemcal _cell. 18. The
el ect rochedfcal Tesleckochemigal testsinp ebClajndseWheseHesaid eprasielygpaceds adapt ed

for obtai nmgki%g%ﬂ) |;§}th89 gleélmls%rg £e?)g}a?etﬂ>sye£ dis?a%ce ranging from 50 pm to 500

pm.

15.  The electrochemical test strip of Claim 14, wherein said coagulation catalyzing

agent comprises thromboplastin.

16. The electrochemical test strip of Claim 13, wherein said redox couple comprises a

ferricyanide and ferrocyanide.
17. The electrochemical test sirip of claim 13 further including a capillary channel
adapted 10 convey a fluid sample from the micro-needle to the electrochemical

cell.

18.  The electrochemical test strip of claim 13, wherein the micro-needle is adapted

for obtaining a whole blood sample from a user.
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