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COAGULATI ON TI ME W THOUT THERMOSTATI C CONTRCL 15 Many nedi cal probl ens
relate to the coagul ation of blood. In particular durin reatnment with
ant i coaguVP004Ae8H38 cation, a patient's coagul ation ﬂﬁﬂ%ﬁ@ﬁﬁ@@”ﬂiuctuate
continuously. Such fluctuations can cause severe 20 problens. For exanple if
a patient is treated with an anticoagulant drug such as Heparin or
Marcumar, it is inportant that his or her coagul ati on paraneters renain
within a defined range of values to avoid conplications. Only in this way
it is possible to reduce effectively the 25 nunber of blood clots while
si nul t aneousl y avoiding bIeeding conplications A rapid, precise nethod for
the continuous mnonitor of ood coag ul ation arane er nee
deSaty
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coagul ation paranmeters are of nedical interest, namely prothronbin tine
(PT), activated partial thronboplastin time (APTT) and activated clotting
time (ACT). PT mainly serves for nonitoring the effect of vitamn K

ant agoni sts on .35 coagul ati on (which influence factors Il, V, VII and X of
WD 2004/ 068138 PCT/ EP2004/ 000595 2 the coagul ati on cascade). The PT test
nmeasures the activation of the extrinsic pathway by addition of tissue

t hronbopl astin. 5 APTT is used primarily to nonitor heparin therapy. The
test detects factor changes in the intrinsic coagulation cascade (factors
VITl, I'X, XI, XIl and other enzynes and factors). The test reagents for
this type of test have not yet been standardi zedand therefore differences
in 10 the heparin sensitivity of reagents fromdifferent manufacturers are
consi der abl e.

15 N
Many medical problems relate to the coagulation of blood.
In particular during treatment with anticoagulant medi-
cation, a patient's coagulation parameters fluctuate
continuously. Such fluctuations can cause severe

20 - problems. For example if a patient is treated with an
anticoagulant drug such as Heparin or Marcumar, it is
important that his or her coagulation.parameters remain
within a defined range of values to avoid complications.
Only in this way it is possible to reduce effectively the

25 number of blood clots while simultaneously avoiding
bleeding complications. A rapid, precise method for the
continuous monitoring of blood coagulation parameters
that meets all therapeutic needs is therefore requirea.

30 Currently, in particular three coagulation parameters are
of medical interest, namely prothrombin time (PT),
activated partial thromboplastin time (APTT) and
activated clotting time (ACT). PT mainly serves for
monitoring the effect of vitamin K antagonists on

35 coagulation (which influence factors II, V, VII and X of



ACT is determined to nonitor heparinization in situations where an APTT
test cannot be perfornmed, because, the 15 patient was adm nistered a high
dose of heparin. Traditionally, the coagul ation paraneters are determ ned
by "wet c‘MB#f"%‘f"ﬁ%}“tests. An al i quot of blood sanple iP§T’EtW9?é{9°W5th | i qui d
reagents and the point of time at which 20 the blood clots is detected. The
results are indicated either directly gin seconds) or in the form of
derived .quantities such as ratio to a respective normal value (in :
percent). Wth respect to PT further common quantities for indication of
the test results are % Quick and INR 25 (International Nornalized Rati o).
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par anmet ers have, becone ail able. They are perforne _]i)y means of test

syst ens conpPFstYRERS ﬁg e %’Grlléégﬁ nPREBYRY &pY ddddidntan (@ff td@syesi gnat ed
"test el enethBéypbaplastireval uati on i nstrument. which generally is adapted
for the evaluation of a particular type of test elenent froma particul ar
manuf acturer. The test el enment contains the reagent system necessary for
the 35 pa¥tidBTEris axvedmEinaniflar £ol ponstor digrarin dtheudmn e WO

2004/ 068138 P&t RO HUEADr THaRGeBY 2hUdhé OThiofi ddE: t&iquEuthoas the test
type, the | ot nu%rbe[ aq%)thq{ lratign date. T€e i.nvention refers to such
dry chem st r§28eR4S. (BBEHPTS v I8r eflnt X5 L YrheF 1P 2MeswaRddr op of a
bl ood or pl sceosahpl Bhe iesth megendenfoonthie tygsd ofhytder havetreated, in
parti cul ar bg}?gggg{@é\ewmrﬁaﬂﬁ%a%ﬁ?mc £GPAUY Pl de i) 15gd thereto to

contact and ve a reagent system normal Ty conprises a plurality
of to reafentss Peraeilr Fengie widdt of| sppaentddfxemtdbikexent initiate.the
reacti.on seqmaAGeaefutdies Mt iraderabien path. After m xing of the sanple

with the reagents the
ACT is determined to monitor heparinization in situations
- where an APTT test cannot be performed, because the
15 patient was administered a high dose of heparin.

Traditionally, the coagulation parameters are determined
by "wet chemistry" tests. An aliquot of blood sample is -
- mixed with liquid reagents and the point of time at which
20 the blood clots is detected. The results are indicated.
either directly (in seconds) or in the form of derived
quantities such as ratio.to’a respective normal value (in
percent) . With respect to PT further common quantities
for indication of the test results are % Quick and INR
25 (International Normalized Ratioe). '

Since several years so-called "dry chemistry" tests of
coagulation parameters have become available. They are
performed by means of test systems comprising disposable

30 reagent carrier elements (often designated "test
elements") and an evaluation instrument which generally
is adapted for the evaluation of a particular type of
test element from a particular manufacturer. The test
element contains the reagent system necessary for the

35 particular test and, preferably, suitable information for



resul ting coagul ation detection liquid is present in a coagulation
detection zone of the test elenent. The 15 coagul ati on process is nonitored
by observing a neasurable property of the coagul ation detection liquid

whi ch ch es | characteristic manner when a define eaction step of

t he coagu %%%%&ﬁéfh occurs. The system conprises ne /1;13?94508@19560“ ng such
change and generating 20 a correspondi ng signal by the neasurenent and
evaluation electronics of the instrunent. The neasurenment and eval uation
el ectronics also includes a tinme nmeasurenment electronics for neasuring a
coagul ation tinme required for the change to occur. This tinme is converted
into the 25 desired coagul ati on paranmeter .(in the appropriate units). To

this end evaliat e0a1dat 8ostOf athd ntddte dudhl RUTERE taBE/ Qfpé N Eﬂ[ﬂ@ fgst
el enent can beF§%gd?Baag?resulls are then displayed on @ display of the

i nstrunment aft YR F I ITh&2téval uation, for éxanple by a 30

separate conputer. system Such a systemis commercially available fromthe
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in the appropriate_literatu I nc and WO

01/ 11356. SThé&eSinBiemoRF 209 Aesbausl moTARRow0a/ 800B98E @ higodeomhol e bl ood
or plasna. Heleahhesampler emsich defdrlingOohl @B 86s8Mmeyap®l e. This shoul d,

however, not ' erLst ood_as limtation to the neral appljicability of
the inventi of. %gr%gﬁﬁ’ coadut a%f%"hlatre Y §§§F%ﬁgndwf‘€§rai Wf%?glgﬁ% th
respect to tRathcesguisne) prppkied tifenete toagahbatbnandedissdlwe ld qui d

whi ch is use(}etageﬁeagyéee&\hﬁmpagtﬂ&tdaqﬂ? toBraBds Wt P1EESPEC) 40 the
arrangenent b Mhl%h he 10 contaﬁgln%!o Hhe sanglg wth the reagents is
achi eved s reagen 8) present 1n the test ele nd suitable to »

initiate the reaction sequence of the blood'coagulation

ment

path. After mixing of the samplé with the reagents the
resulting coagulation detection liquid is present in a
coagulation deEection zone of the test element. The

15 coagulation process is monitored by observing a

. measurable property of the coagulation detection liquid

which changes in a characteristic manner when a defined
reaction'steb of the coagulation path occurs. The system
comprises means for. detecting such change and generating

20 a corresponding signal by the measurement and evaluation
electronics of the instrument. The measurement and
evaluation electronics also includes a time measurement
electronics for measuring a coagulation time reduired for -
the change to occur. This time is converted into the

25 desired coagulation parameter .(in the appropriate units).
To this end evaluation data stored in the instrument
and/or in the test element can be used. The results are
then displayed on a display of the instrument and/or
forwarded to further evaluation, for example by a

30 separate computer system.

Such a system is commercially available from the
applicants'under the trade name CoaguChek®. Further
details may be found in the appfopriate literature

35 including US patent 5,789,664 and WO 01/11356. The sample



wel |l as by the design of the detection zone: - In sone tests the neasurable
property of the liquid is its viscosity which. can be detected e.g. by

including nagnetic particles into the reagent system_The 15 noveability of
these parWP0EQ683h be detected by neans of an alter REEERPMAYALY ic field.
In such systens the increase of the viscosity caused by the onset of

coagul ation is the change marking the egpd of the coagulation tinme. 20 -
Alternatively a chem cal constituent, the concentration of which changes at
a defined point of the coagulation path, can be used to mark the end of

t he coagulation time. In particular the enzyne thronbin, the final protease

for both bl assping ARILUIGR! beNpRELANAYSer St di° AU IGIR] 10 iBigun Means,

i ncludi ng a reagent _presen t reagent system of = thé tes ement which
is suitable ¥9 % 3 eXafeder i TRiS ophepkd c Ao vatal nAF B8 can be
measured by uhderstveddiald @n LifdtauiBAl tSeite gdherdd QHAIZELE1180 - Wth
respect to tQE ngsi£6%n€¥ahangenent of the test elenent it has been
proposed to Use a single pernmeable porous menbrane which is fastened to a
plastic handle simlar as with traditional test strips (US patent

5,580, 744) . kAowt Chodfslat8lcpMeRkt EhereRdPALr f&r WRrN041068138 h |
PCT/ EP2004/ 000595 . 5 directly a pg#ed to the nmepbrane in which the reagent
"tq Fhie, MERSLPRRLF BESPEERY

systemis cohEEPHeW.EQ Fhsh r fth& ReABHRAE ORppl i cat i on
poi nt of thedeestt bbreniintuiics whdicht dd abed tio Sheamnerd tfheoradaemlatdgul at i on

detection zope Q”Qn&rWiﬁ qg&@g&k £8f Fe ggﬁ% | ép ]f%ﬁl former to
the latter is macco_rrp |§Le y a capF& a?§ C %@éﬁg?iegj pgﬁght
5,789, 6649 . contacting of the ‘sample with the reagents is achieved as

well as by the design of the detection zone:

- In some tests the measurable property of the liquid is
its viscosity which can be detected e.g. by including
magnetic particles into the reagent system. The

5 . moveability of these particles can be detected by
means of an alternating magnetic field. In such
systems the increase of the viscosity caused by the
onset of coagulation is the change marking the end of
the coagulation time. ‘

20 - Alternativély a chemical constituent, the
concentration of which changes at a defined point of
the coagulation path, can be used to mark the end of
the coagulation time. In particular the enzyme
thrombin, the final protease for both plasmatic

25 coagulation pathways, can bé monitored by known means,
including a reagent present in the reagent system of

" the test element which is suitable to generate an
electrical or optical signal which can be measured by
the evaluation instrument (see e.g. WO O;/63271).

30 - With respect to the physical arrangement of ﬁhe test
element it has been proposed to use a single permeable
porous membrane which is fastened to a plastic handle
similar as with traditional test strips (US patent
5,580,744). In such test elements the sample ig



10 Wiile tests for coagul ati on paraneters have becone relatively sinple,
in particular due to the introduction of dry chemstry tests, it remains an
i mportant task to further sinplify the design and thus reduce the cost
wi t hout SH@RIM{0813%y accuracy. For exanple, if a persoRCFEPFUEANRY 2

repl acenent cardi ac valve his or her long-term health highly depends .on
the fact that the coagulation status rgmains reliably between certain
boundaries. To this end inexpensive snall battery-operated instrunents
shoul d be available to be used-by the patients thenselves 20 in order to
nonitor their blood coagulation status. Simlar requirenents apply to

"point of care §PROIL1y LAt Y rtnlsl gggi;g%k? PLOTAR neT HRLRINe L he

i nvention addresses the ask to si igh O sys ens for
det er mi ni ng coag¥PEET off ﬁﬂﬂ%ﬁﬁgﬁérs whi | e sinultaneously mai nt ai ni ng the

required degreg of a ura is task is aqgleve b sten1for t he
deternmination 39.2 '%ﬁlaﬁﬁaﬁgFﬁﬁﬁFeF of8 595% G anpl es of
patients, said pysm'em)ﬁdmﬂ itsatg ed etenposablecaesd i ea‘re:'tntstlandeudl ng a

reagent system ;o Reckl xeth piidtLAC 4t APk 8 LAi5E Sl ftq{ént{}%r%&)%gu' at i on

detection ligq a coaqul at1on detection zone where agul ation 35
detection |i qU| Hfl gh %o?ﬂ"%ﬁ:'f?e o drdrrmoEhagf armensie dire Mt tee048068138

PCT/ EP2004/ 000585cofippi shped thy &f dalpd1¢aggubhinael dedeastiopddett d, said
measur abl e propgrgggcg@ i ng during coagul ation, and an instrument with a
hol der for hol dihg Sard dlsposable test elenent inserted therein and with
a neasurenent and 5 evaluatlon el ectroni cs adapted for detecting a signal

whi ch copgespande {:@st@%d‘?&?d&éx‘ﬁ'a%lﬁhoga’r&bie@éré heav@%&naélon det ection

liquid and |nch§ measurenent _el e tronlc uri,ng a
coagulatlon g le Slm e, in particular 8 t e 1ntr uctlo

of dry chemistry tests, it remains an important task to
further simplify the design and thus reduce the cost
without sacrificing accuracy. For example, if a person

15 received a replacement cardiac valve his or her long-term
health highly depends on the fact that the coagulation
status remains rellably between certain boundaries. To
this end inexpensive small battery operated instruments
should be available to be used by the patients themselves

20 in order to monitor their blood coagulation status.
Similar requirements apply to '"point of‘care (poC) "
testing by the medical profession.

Therefore the invention addresses the task to simplify

- 25 the design of systems for determining coagulation
parameters while simultaneously maintaining the reduired
degree of accuracy.

This task is achieved by a system for the determination
30. of a coagulation parameter of blood or plasma samples of
patients, said system comprising a disposable test
element including a reagent system to be mixed with the
sample, thereby forming a coagulation detection liquid,
and a coagulation detection zone where the coagulation
35 detection liquid is contained for monitoriné a measurable



required for said change to occur for deriving the 10 desired coagul ation
paraneter therefrom wherein the coagulation tinme is determned at a
non-standard tenperature of the coagul ation detection |iquid. different
froma st¥AdWMA%perature for the respective coagulPSTESR00YAME et er, said
non-standard tenperature 15 being neasured by a tenperature nmeasurenent
device, the instrunent has a non-vol atigl e nmenory containing data which
define a mathematical relationship of coagulation tinme versus tenperature
which relationship is independent of the individual patient whose blood is
exam ned, and 20 the coagul ation paraneter for the standard tenperature is

cal cul ated fppoghihe, ORAHAldRR/uEL °Hf§§§%<?€in§r§ﬂ1§i Lk g nop)usf andar d

tenperature, using said mat hemati ca I 'Known systems for the
det er m nat i ofeBFUERNRLRIIRRIRSTF tYp shanglag sdyting F3gWHtdase nki nd of

t her nost at i ngnstiewhest deisitgre holldefmiEBlahdl ditid Nk 1d &1 1cRBEIAE @Bst
measur enent al%%éﬁ?%%é%%ﬂ&f%%e&%l egaéure usual ly 37C.-_ This requires an
el ectric heafe i 03 nﬂé?%l?w???ﬁ%ﬁ?Wﬁngs m Based on

r_and ‘an el ectronic
the i nvenii oavaleat ton telaahrondrcisngddpredefos dmiteqitions sargigr@it her t he

coagu- |ati opnBRSES LB oriR) the thRdRedbufalb PO Sty PR ture (e.g.
roon1tenperatur§& Ngver he%ﬁégnaﬁcurate val ues of the desired coagul ation
paramet er cafCBEOLREEPR HLLH ilElegrénGH%ﬂchgl%r?pér’é‘!ﬂe to those
determ ned Wed8GUd&m] 38 dCHOER2804£b80M0685ur Ingita tdeagtlatdard tierper at ur e.
Thi s | eads thF%PLé'éaféw} Yad¥a c%%%t%}]ggﬁéé nr FPEr SEBL v AR L@l e battery

oper at ed coagulFatTon “instrunents eafrng system I's expensive and 5

consunes fror 8eBAredr §oagityaiil amh R rarmetsrheherofime ke reighitibted. The
vol ume, wei ghbagtila€dsh ©fmd & determined at a non-standard

temperature of the coagulation detection liquid different
~ from a standard temperature for the respective

coagulation parameter, said non-standard temperature

15 being measured by a temperature measurement device, the
instrument has a non-volatile memory containing data
which define a mathematical relationship of coagulation
time versus temperature which relationship is independent
of the individual patient whose blood is examined, and

20 the coagulation parameter for the standard temperature is
calculated from the coagulation time measured at said
non-standard temperature, using said mathematical
relationship.

25 Known systems for the determination of coagulation
parameters generally comprise some kind  of thermostating
device designed to maintain during the coégulation
measurement a defined standard temperature, usually 37°C.
This fequires an electric heater and an electronic

30 tempefature control system, Based on the invention such a
thermostating device is not necessary. Rather the coagu-
lation measurement can be made at a convenient tempera-
ture (e.g. room temperature). Nevertheless accurate
values of the desired coagulation parameter can be deter-

35 mined which are directly comparable to those determined



I nstruments can be reduced substantially if no heating systemand a smaller
battery are required. - In order to secure an exact control of the desired
to standard tenperature test elenents of known dry chem stry systens often
have a | 3YQ2W4B8138ary for guiding the sanple Iiquid PFW%"H&O Pnt  of
sanple application (outside the instrunent) into the intertor of the

I nstrunent where the thernostating devige is is located. If no such | ong
capillary is necessary the sanple volune can be reduced. - The warmup tine
required with known instrunments before testing is elimnated or reduced.
This sinplifies the use of the system in particular in 20 honme nonitoring

or POC appl igatinstandsl tiRpeAbi At 0Ny £ 1Ak of gCRL QU ts general Iy
used whi ch cayses di faf [ (faul ti Elgpi n cont rolllqﬁ ngrgtahe gt angngH%?%?%)gf
t enper at ur e.a‘%?ar‘l‘fta@etﬁje to tenperature deviations can be reduced if the

t echni que can 25 herfor room t enperature. During.the-experinental
work on whi ch %ﬁoer isﬁr\F/)agLnlt ipg%glgls)%b%%‘é%eﬂ aesraﬁfé.iﬁ Ca’éﬁélhﬁngﬁ% that the change
of coagul a- ti cmatinwmepdsairbecheaving By stmmpamtexpensdvebendescri bed 30 by a

functional rel aldRsfsd mifleCBatBespesidicy t¥arf a1l2bthe dbmpBaLLHEENt and a
particul ar reagent. systembut _surprisjngly is independent onh the sanple.
Therefore the %‘%WERE" ct't nHPlP'@?atV’%ﬂ? A BestwRitchheay e. g. be a

l'i near functionmstmneeitgneanabg dedecedesudstaritarldya if0n308440684 38
xari ned. | Taki H e S o SRETOEE B A Y e 0 et hemat 1 cal y: 5
(1) PT37 = f_(Tn ok t¥@e@ure an exact control of the desired '
10 standard temperature test elements of known dry
chemistry systems often have a long capillary for
guiding the sample liquid from the point of sample
applicaﬁion (outside the instrument) into the interior
of the instrument where the thermostating device is
15 located. If no such long capillary is necessary the
sample volume can be reduced.

- The warm up time required with known instruments
before testing is eliminated or reduced. This
. simplifies the use of the system, in particular in
20 - home monitoring or POC applications.

- PFor INR calibration a manual technique is generally
used which causes difficulties in controlling the
standard (37°C) temperature. Errors due to temperature
deviations can be reduced if the technique can be

25 performed at room temperature. ’ .

During the ‘experimental work on which the invention is
based it has been determined that the change of coagula-’
tion time parameters versus temperature can be described
30 by a functional relationship which is specific for a
particular instrument and a particular reagent system but
surprisingly'is independent on the sample. Therefore the
same functional relationship f£(T) (which may e.g. be a
linear function.or a polynomial) describes the tempera-



PT37: PT value for the standard tenperature of 37C PTT: PT value for a

(l ower) non-standard tenperature. 10 Cenerally in the field of clinical
chem stry it is not unusual to performa tenperature correction cal cul ation
i f.a testWPI00@6HI at ure dependent and the actual tesPCTERHIEPUISr e differs
froma desired standard test tem perature. For exanple tests for

determ ning the concen 15 tration of glgcose in blood are tenperature
dependent and it has been proposed to elimnate errors caused by tem
perature variations by an appropriate correction calcula- tion (see e.g. US
patents 5,405,511 and 5,972,715). 20 Coagul ati on detection is, however,

fundanent al |’&'uréj'ciefﬁérﬁigncﬂcer Qf@ hggtgftﬁﬁéé@rbﬂ he %%{l%"ggle';c%%% of an

anal yte such_as_ gl ucose. erat ure depen enc ucose Fests is
caused by i n??‘&’e‘?ﬁ:l% 'ﬁ‘sa@crbres"‘a\WERShth%% m?ﬁdﬁ)é?ﬁéfrﬁs&ﬁd t he i ndi vi dual
sanpl e whi chmashémstishllyr 25 particul ar the enzymatic reaction on which the
test is based depends on the tenperature. A coagulation test is

fundanental |y dlfferent since it is essentially an experinental nodel of
the natur@l coag(datB®h prHEBsst BMiich - as is wel | known - involves a

hi ghly conpllcated 30 reaction of ‘nore than ten factors and enzynmes in the.
bl ood of the parW R ar patient. The fact that the coagul ation behaviour of

bl ood diff aqf ndi vi du | t f the fact that
Che dosage W0 2005668 ¥ piar 45 et Gonsa= o SrBRRRHEEs (o T et cat i on
(€.g. Heparin orpiir GHTRL) ,Nag -t Q Pf%&é‘i:q' \H§ ually %ﬂdggg ;[qugéore 'n

coagul ation testlng the quantity wh nmeasure e a5 6h
particul ar individual sanple, i.e. the individual whose blood is tested and
the statws oéndislDy herclmoayedla benciysiea Regaising ithas wogperature

dependence tﬂﬁugégf Egukef%g¥%l%§%%%5grature correction calculation
if a test is temperature dependent and the actual test
temperature differs from a desired standard test tem-
perature. For example tests for determining the concen-
15 tration of glucose in blood are temperature dependent and
it has been proposed to eliminate errors caused'by tem-
~perature variations by an appropriate correction calcula-
tion (see e.g. US patents 5,405,511 and 5,972,715).

20 .Coagulation detection is, however, fundamentally
different from the detection of the concentration of an
analyte such as glucose. The temperature dependence of
glucose tests is caused by influencing factors which are
indepehdent of the individual sample which is tested. In

25 particular the enzymatic reaction on which the test is
based depends on the temperature. A coagulation test is
fundahentally different since it is essentially an
experimental model of the natural coagulation process

‘which - as is well known - involves a highly complicated

30 reaction of more than ten factors and enzymes in ‘the .

" blood of the particular patient. The fact that‘the
coagulation behaviour of blood is different for every
individual is also apparent from the fact that the dosage:



Therefore it could not be expected that, by examning the to blood of a
limted nunber of,patients at different tenperatures with the sane test
system (sane type of instrunent and sane reagent systen;;E referably of the
same nanﬂ%é‘{oﬂﬁ’/‘&llﬂj lot) a universal f(T)-curve coul d BeT ﬁﬁﬂﬂ?"aﬁ%d whi ch

al lows cal cul ation of PT37 from PTT values 15 determ ned at a non-standard
tenperature for additional patients wéh quite different blood. in the
prior art PT and APTT tests have generally not  been performnmed at
tenperatures outside the standard range 20 at about 37C. An exception is

described in A Udall: "Prothronbin tine standardization and tenperature
probl ems", Qi Hd3-GRorksac nbas Q- 44y s ThiS. | | {on refers to
i a lc%l?%i (c%% epa2il bg %?éh‘gﬁv\gter bath to

PT tests perﬁorﬁﬁj in,adgl ags ?Tiu e are [ nmerse
al | ow exact P& e dpdinidpatb¥radart®d The author refers to probl ens
caused by deviations. fromthe standard tenperature of 37C: e.g. in case

the glass t t .l uf fi.ci ent| eepl y,.and. by. the fact that
t he tube has tofesfboggml%lhngrgéﬁfz??g%%t%eeé%q trt%a%ﬁlgglgégé’t g&ﬁéhi horder to
check thé comRpAvreEdlepeadgson| kherprrt ianleaddadivtidvel paoblens a | owering

of the genergldy t¥Cepkedighand@ghdse LSTRS aleit@ete@MB34Cthe 305tis
consi der ed. %ﬁ WO 2004/ 068138 PCT/ EP2004/ 000595 Q US-patent 5031, 619 .

refers to a Bf dbdl FF Tiohe cragilation FgreamsReIRX1RG &P6n of predet er ni ned
di mrensi ons itsemppElitivee tlepehdenkentid sanmathaehtcabe tleumede i s nmeasur ed

froma nomengydhal, bl %dbeqlhhgeegﬂ tagodg&%'dsit%tt)e% Sx3mi A1 hg S gRMEN
coagul ation appears to_occur. Such %I eeding tine rre.suremenf‘s are used as
screeni n¥f ter%o‘# Sf aeddmiierorunber Hef Ratoands dtaddddgagnst platel ets

whi ch temperatures with the same test system (same type of
instrument and same reagent system, preferably of the
gsame manufacturing lot) a universal £ (T)-curve could be
generated which allows calculation of PT*’ from PT® values
15 determined at a non-standard temperature for additional
patients with quite different blood.

In the prior art PT and APTT tests have generally not
been performed at temperatures outside the standard range
200 at about 37°C. An exception is described in

A. Uldall: "Prothrombin time standardization and
temperature problems", Clinica Chimica Acta, 1980,
39-44. '

25 This publication refers to PT tests performed in a glass
tube which are immersed into a water bath to allow exact
control of the temperature. The author refers to problems
caused by deviations. from the standard temperature of
37°C, e.g. in case the gléss tube is not immersed

30 sufficiently deeply and by the fact that the tube has to
be withdrawn from the water bath repeatedly in order to
check the coagulation status. In order to reduce these
problems a lowering of the generally accepted standard
temperature from 37°C to 30°C is considered. '

35



depends on pl atel et nunber and platelet function. It is a qualitative (or
at nost sem -quantitative) test allow ng 10 screening for certain disorders
(e.g. danzmann's thronbasthenia). The patent refers to the earlier known
fact thatVQ#9¥Pe8{3 ot which external bl eeding occurs PSTEPSOHMASi nversel y
proportional to the. tenperature of the subject's skin and suggests to use
a fixed factor of 0.05is per degree inmgrder to conpensate for variations
of the tenperature of .the subject. Above identified US patent 5,580, 744
describes a large nunber of experinments all of which are perfornmed at a 20
constant standard tenperature. As a theoretical alternative the possibility
IS nmentionge I o] I ect cti.ons A evi ati ng
tenperatureqééuﬂ% J@%%Bﬁegggrg%gggsd% él |d(’5%1 l;Ilr”“a? 65§S|gfle correction
cal cul ati on ?‘éc}bl’-'\ﬁﬁf—so@tn ﬂﬁ@lsé@én?f zrsre,dﬁﬁ%nnnsmdo ddmeinsrignisonshow t hi s

shoulg Be ?ﬁﬁlﬁlfﬁfpi?cﬁ??'tth{[eﬂsRﬁﬁCbECQtp&l@iéﬁ?ﬁaﬂé t‘}ﬁntt'lg{%e?.salﬂﬁtﬂb%ﬁrgé prﬁb' ens
caused by ac a oagul atTton path way is different for eac

i ndi vi dual . BT HhI e t hggeagﬂng n‘b‘?r% é"é‘se 2R 54 PEs PRFAREN vi ew of
the fact % hatohike 3®mendt eragelapionfappedns desicgmedt .t Guoh ibieddlimga single
person. The tm@qﬁé%ﬁ@delntgeafrgrhggg g%#%fpég 4{%8 ee?é.%e f\fd reference to

the figures wherein 35 WO 4/ 0681 . 1-shows a
crossect i onafVat At ian z?ch&&upﬁf“PSHat%‘és%d%%% tPH-attI?éetté‘sF’ éFBnent
i nserted i ntdepéiids exnlplatiedeti natbyfeahd Flareldts fitktdoncharaiscadesi gn

i ogram of  SBAPLEIAML G ka! ABLECRREL QEhAt €018 V) OB 1Bl ng® SPOVS

enlarged V|e
screening for certain disorders (e.g. Glanzmann's

thrombasthenia) . The patent refers to the earlier known
fact that the rate at which external bleeding occurs is
roughly inversely proportional to the temperature of the
subject's skin and suggests to use a fixed factor of 0.05

15 per degree in order to compehsate for variations of the
temperature of the subject.

Above identified US patent 5,580,744 describes a large

number of experiments all of which are performed at a

20 constant standard temperature. As a theoretical
alternative the'possibility is mentioned to perform
coagulation detection reactions at a deviating
température such as room temperature. An equation for a
possible correction calculation is given but the patent

25" contains no explanation how this should be accomplished
in practice. Nothing is mentioned about the problems
caused by the fact that the coagulation path way is
different for each individual. Evidently the author did
not address this question in view of the fact that his

30 system is ‘specifically designed to be used by a sihgle
person. ' '

The .invention will be further described hereafter with
reference to the figures wherein
35



tenperature sensor shown in fig. 2; Fig. 4 shows a graphical representation
of the ratio PT37/PTT vs. T[C] /37 for a series of experi- 10 nents
performed in the context of the inven- tion; Fig. 5 shows a graphical

r epr esent 20041068f38experi men- tal results conparing t hRCT/ER2804%A003Swit h a
conventional determnation of INR values; is Figs. 6 to 10 show results
corresponding to figure 4 perfornmed w.th different coagul ati on paraneter
tests. Figure 1 is a crossectional schenatic representation of a 20 -
coagul ation test system conprising an evaluation instrunent 1 and a

di sposabl e test element 2. The test elenent has a sanple application

opening 3, a | lary,, channel 4 and, a space 5 I ch serves as reaction
chamber and g%]%'ullgt R efalegirf)gﬁe?%h%n%f Vi"r?é"cq\fgr?né’loaﬁuils*‘t\}@w 25 short

and can even be omtt destecyatenwvibhatsy stesn elomemnt dgseetiedeihbygenti on

coagul ation detecti on ZRNev81uBE¢8n NP, st ynostated and is, when test
element 2 is inserted in a holder 8 0o t#ﬁ@ééﬁhﬁﬁﬂ 1, preferably |ocated

outsi de the hopisgn@ OfsHdwe ansthefRolic 1a&d 05 d g3 YL pRRRki-cali on

openi ng 35 In prior art devi ces easx ag(gl i.catjon %f t he sanple required

E.Eat thte tsarrpl e appli iﬁcjagtﬁ‘ 8ESRF ) ZS%UE%?lOﬂéW?TI%PJéOi ng(r)ggggt 1\é\hereas
ernostati ng uife

coagul ati on de%%%if%n zone 8& §H§£¥é3$ eﬁ%ﬁen _%%;ﬁ#%ﬁé g the instrunment

housi ng. The sanpl e wdEMReARSPsLt eensesnshewe frorfds. 20 the latter by a long

.

capil lary path,, Thi ain required | arge sanple volunme not gnly because
of 5 the | ength9f fheﬁg’éfsnabg aﬁf‘éﬁaﬁe’é LR 1% [Qfcitat FRtirar ge

capillary path crosse®PofPTequi.r 8d°€b/3adeopiat eseries of experi-
10 . ments performed in the context of the inven-
tion;

Fig. 5 shows a graphical représenﬁation of experimen-
tal results comparing the invention with a
conventional determination of INR values;

15 Figs. 6 to 10 show results corresponding to figure 4
S performed with different coagulation parameter
tests.

Figure 1 is a crossectional schematic representation of a
20 coagulation test system comprising an evaluation
instrument 1 and a disposable test element 2. The test
 element has a sample application opening 3, a capillary
channel 4 and a space 5 which'gerves_as reaction chamber
and coagulatiorn detection zone 6. The channel 4 is very
25 short and can even be omitted because with a system
according to the ihvention coagulation detection zone 6
need not’ be thermostated and is, when test element 2 is
inserted in a holder 8 of instrument 1, preferably
located outside the housing of the instrument 1 close to
30 sample application opening 3.'

In prior art devices easy application of the sample
required that the sample application opening is outside
of the instrument whereas thermostating required that the



speed of liquid transport. In contrast the invention allows a very short
transport distance (of preferably less than 1 cmor even less than 0,5 cm

and an extrenely to snmall sanple volunme (preferably |le nost

preferabwvoﬂﬁﬂ@%ﬁﬁan 2 1). Space 5 receives the coagu?éPF%ﬂa@Qﬁgétlon liquid
which 1is forned by m xing of a sanple applied to the.sanple is application
field 3 and a reagent system (not showpp. Coagul ation detection is perforned
in the coagul ation detection zone 6 by detecting a change of a coagul ati on-

rel ated neasurenment quantity of the liquid contained therein. The resulting
signals are transmtted via lines 20 9 to a neasurenent and eval uati on unit

13 whi ch coqk;%hgatggg gggé@%i&@ Q%g%gﬁk%%gtE%ggnggﬁggﬂgukgtig Jfcgetectlon

can be perfor nown

particul ar eo&ﬁ%&!‘“‘ﬁpteh@‘éﬂ%héﬁ‘ﬁ%ﬁamR%@aF@S §§én§P@rt%1$ frewnt
5,789, 664 arntheMBolietr1866tha51aetert Ity of langy eagﬁmdrwpadhnemlw Il be -

descri bed te he ventlon cQ ure
neasuri ng deaaq\ﬂ fg\%ﬁ:&ﬁa sn%%?%bsfaénqq Ve XTG Pﬁg PHEY 60?% e? ture of
t he coagdl attihen leagebt pénthenpath Wy a%agnue@auﬁﬁrafed sefifectentky det ecti on

can be used 1@&gede%9&ub;a§yl Pat® @ﬁés?s%,?c%onP&%&%&%hyfoilomy&ﬁaté
terrper ature measurg&rrﬁéqgéﬁnso al’tl cul ar a therm st or I's I nt egrat ed

as el enent RS sBFa§%Pﬁ 1HFb‘¥E§Fa€FeﬁEﬁtlﬁvﬁﬁﬁlﬁ%nnected by

pl ug-in contadicws\\@ e@%1eh818 8t RETSIRI (4 EReNTe5 (of3prefehabEy ect roni cs’ of
t he instru tih,0 e ty n y be
provi ded an use %ggelwpﬁlE%eév%ggg%{éﬁ?ﬂgh ?552%59 ? Eﬁ ég{rééﬁggi el enent
2 carri €9 i i liaEPsRleeVal g {EFQQQRaQ%MxieﬂﬁnGhﬁéaéehﬂ | 888%n an

i nformati on grefedallyliess than 2 pl).

Space 5 receives the coagulation detection liquid which
ie formed by mixing of a sample applied to the.sample

15 application field 3 and a reagent system (not shown).
Coagulation detectiop is performed in the coagulation
detection zone 6 by detecting a change of a coagulation-
related measurement quantity of the liquid contained
therein. The resulting signals are transmitted via lines

20 9 to e measurement and evaluation unit 13 which centrols
the operation of the instrument. Coagulation detection
can be performed by any of the methods'known from the
prior art, in particular by optical or electrochemical
means, see e.g. US patent 5,789,664 and WO 01/11356.

25 Details of a preferred embodiment will be described
below.

The system of the invention comprises a temperatﬁre
measuring device 7 which is suitable for measuring the
30 temperature of the coagulation detection zone 6. For
example infrared temperature detection can be used as
described in WO 01/33214. Preferably, however, a
temperature measurement sensor, in particular a
thermistor, is integrated as element temperature sensor
35 14 into test element 2 and connected by plug-in contacts



eval uated by an elenent information reader 11. The detected information
signal is transmtted via lines (not shown) to the neasurenent and
evaluation unit 13. 1o Information field 10 and inforpation re der 11 are
shown oNYQ200¢98138: i cal ly. A barcode and an appropri at €/EROREEES det ect or
can be used as a preferred exanple. A ROM key 16 sits exchangeably In a ROV
key holder 17 and 15 is connected to the central neasurenent and eval uation
unit 13 for data exchange therewith. It includes a nenory 18 in which data
required for evaluation of the test are stored. These data may depend on
the manufacturing lot of the test element. Preferably information field 10

20 cont ai ns todenk E!Leétrsﬁlé@t@f WH N rakeumBREL f AGal Piohlif) ”@nUf acturing
| ot of the parglculag gest elenent 2. This .information_Is ¥

i nf or mat i on PEEGEPCRE LAMPREAILTS FERHATh 1POF‘anBﬁtP¥P‘6%1@?%rP%Fbt%Fe§£ ored in
ROM key 16 ias wdddebet desakibeadrin tritate WeeaRDVbkiygwi nserted into the 25

I nstrunent corresponds to the manufacturing lot of the test elenent 2.
Menory 18 of ROM key 16 al so includes data describing the nathematical

rel ati onghi Fest eésaan‘at?oﬁaﬁh%s vaHarnagdonekpéprhingetantest itynsed for

cal cul ati ng atdaeréegenedloeomumtizmbmrtaasﬁt eﬁenarla ﬁh@eﬂawl t enperature
fromthe cqa aEegn ti as re

£d af non- stan 5, rrﬁgrature
AIternatlver hese dQYaaﬂaﬁ arsd B%léﬁﬂFg ned PR Srp% mahent nenory of

i nstrument HetegbedDinrfonnatEasss REFIER20024000505ed1%ighkinent (it -
neasurenentsﬁa%ngvQBUEhéOmeaQu£eaéhﬂnahd<awa§uatle£ ﬁﬁﬂ!eﬂ§'0“3| el ectronic

circuitry includin # a circuit oara ._ It conprises a

progranﬁﬁblquQFmﬁgFSEegéﬁ f%? ARG 1R TERARY LhnRFE § i ons and

perform ng tdmeyr eghematlically. A barcode and an appropriate barcode
detector can be used as a preferred example.

A ROM key 16 sits exchangeably in a ROM key holder 17 and

15 1s connected to the central measurement and evaluation
unit 13 for data exchange therewith. It includes a mewmory
18 in which data required for evaluation of the test are
stored. These data may depend on the manufacturing lot of
the test element. Preferably information field 10

20 contains identification data which are specific for the
manufacturing lot of the particular test element 2. This
information 'is read by information reader 11 and compared
with lot identification data stored in ROM key 16 in
order to make sure that the ROM key inserted into the

25 instrument corresponds to the manufacturing lot of the
test element 2. ‘

Memory 18 of ROM key 16 also includes data describing the
mathematical relationship of coagulation time versus

30 temperature which is used for calculating the desired
coagulation parameter for a standard temperature from the
coagulation time measured at a non-standard temperature.
Alternatively these data may also be contained in a
permanent memory of instrument 1.

35



calculations. In particular it conbines the signal information received
from coagul ati on detection device 6, elenent information device 11,

non-vol atile nenory 18 and tenperature neasuring device 7 to derive the
desired WO 200H868138t i on paraneter. This result is tranBGI/EPXOH40859%8 di spl ay
(not shown) of instrument 1. Power for the . instrunment operation is provided
by a battery 22. Mst parts of the sys&§n1shomn in figure 1 are is
conventional and no further details neéd to be described. Deviating from
the prior art, however, instrument 1 nust not be equipped with a
thernostating systemincluding a heater and electric heating control.

Rather it u e asurli vi.ce 7 for gsuring (directly or
20 |nd|rectfﬁ?a?% ?gﬁp@%éggggﬂg? émé%ﬁ;ﬂ%;}P8nuﬂéFg§§|8ﬁ liquid in the
coagul ati on Qﬁﬁaaﬂﬁléﬁ gp@aeahdonhb elathmmdlc cdlccpékayi dnshidisgomed in -
menory 18 tmsmlz@uhﬁaeat BereQ2gUbsd 1P PATRTRLH ;arflﬁta_st ge standard

tenperature. 25 Duri eri mental evaluation o invention it has been

adequat el y d@ﬁﬁﬁ?WWEg & P SFOREASHFPNG Aqe copdperandr Ehgdj acent to the

space i n swhi ixsttdumentofgnkat bna d@degérmduwrt@hel i‘eQQ&E‘édI’IEd is sufficient

30 to all ow | cula [ tan gagul ati on
Vﬁffcﬂfl%. o) ghagé %59918 %:‘d.]ﬁ:s 0?(931% % (11. roF|l§Ba?

par anet er een a i ned con enper at ure of
apprOX|nateIanﬁPﬁEPtFP@nFeﬁéagﬁﬁeﬁﬁﬁﬁHFQﬁgﬁlﬁﬁﬁgm gdetgctdenadenycegeneral |y

subst anti al |éflén€ém:r hntfamatabwaeuﬁc@gm RieRkbtGale Rambelaisogsdi p which
S |ndependgpt o a%h% res eﬁtlve Q$83§8 PCT/§P2804/ 0Q595 15 sanple
and can thererore be ?tgF g4 ate W%I 159 ST o P ofeBhES nst r unent and

repeatedmy weratYlatign pauemetey. oThil ffemdit lisn¢irangoatse@paoi @nts). The
display (not shown) of instrument 1. Power for the
instrument operation is provided by a battery 22.

Most parts of the system shown in figure 1 are .

15 conventional and no further details need to be described.
Deviating from the prior art, however, instrument 1 must
not be equipped with a thermostating system including a
heater and electric heating control. Rather it uses a
temperature measuring device 7 for measuring (directly or

20 indirectly) the temperature of the coagulation detection
liquid in the coagulation detection area and the
mathematical relationship stored in memory 18 to
calculate the coagulation'parameter for the standard
temperature.

25
During experimental evaluation of the invention it has
been adequately demonstrated that measuring the
temperature adjacent to the space in which the
coagulation detection liquid is contained is sufficient

30 to allow accurate calculation of a desired standard
coagulation parameter (which would have been obtained at
a controlled temperature of approximately 37°C) £from
measurements performed at a deviating (generally
substantially lower) temperature using a mathematical

35 relationship which is independent of the.respective



measurenent and evaluation unit 13 is adapted to perform5 the required

cal cul ations. Figures 2 and 3 show i nportant design features of a preferred
enbodi ment of a coagul ation test systempartly as top view showi ng a

pref erreavo 2poods13sf test el ement to | ayers and part| yPEBREBI0OE000HS agr am of
the electronics. This preferred enbodinment is in particular characterized
by two aspects: - Coagul ation detection_is perforned by an arrangenent of
reagents and el ectrodes as shown in the~upper part is of figure 2. - The
requi red accurate neasurenent of the tenperature of the coagul ation
detection zone is achieved by the conbined use of an el enent tenperature

sensor 14 integrated into ghe hgst el ement and an instrunent 20 tenperature
sensor 15 | RIS A7 F8Y hEPFGRRRE Df reRSY &y 2r BRBr¥olasilehe coagui ati on
det ecti on zommmox) .ofBdhle thetrumepecirsd crapdatediybiused. fbir khi s case the
test 25 el I rrayls ' e I L.c.l e such as | ayers
A and B sho i nalﬁtéfj(raef gﬁgggﬁnﬁ\g?%égy%%%%g &é”‘%g‘}eﬁ‘bé%)rn%g‘ own nmanner onto
a non- conducteafpqenenst paf evatupbionomitadd depadapsedboanerformt i ng

| ayer. ElecttheatefifitiedCcabetidaenohBe el ectrode arrangenent” 30 provi ded by
the |l eads of the layers and the instrunent is achieved by el enent .contact
pads 25 and 26 respectively which provide electrical connection with

cor r espondi ngigunest 2umadt 3cehouclivpertift flesdgn) feptugedeoft @ provi de

transport of pidiessamlembodq et el b8, AcsPI £ P lkieEd! 59 t3m BRERIPY 3 to a
coagul ation detection zope § a ca |I£a{¥ 16_ channel 4 ISG\% vi ded on top of
layer A Al 3% HedR & Fhover8ndnPEeEShT et i &F B5¢SEn&AA™RBENS therefore
no furtiver Uepers mrdmpairitdyeat blockqgdiagchm of the electronics.

This preferred embodiment is in particular characterized

by two aspects:

- Coagulation detection is perfbrmed by an arrangement
of reagents and electrodes as shown in the upper part
. 15 of figure 2. '

- The required accurate measurement of the temperature
of the coagulation detection zone is achieved by the
combined use of an element temperature sensor 14
integrated into the test element and an instrument

20 temperature sensor 15 located at the instrument
(relatively remote from the coagulation detection zone
6).

Both these aspects can be combined. In this case the test

25 element preferably has two layérs of electric leads such
as layers A and B shown in figure 2. Such layers can be
applied in known manner onto a non-conducting (plastic)
carrier foil and separated by an isgolating layer.
Electrical contact between the electrode arrangemeht

30 provided by the leads of the layers and the instrument is
achieved by element contact pads 25 and 26 respectively
which provide electrical connection with corresponding
instrument contacts 27 (figure 1). In order to provide
fransport of the sample liquid from a sample application

35 opening 3 to a coagulation detection zone 6 a capillary



5 El ectrode arrangenent A of figure 2 conprises five electrodes including a
first counter electrode 30, a drop detection electrode 31, a working

el ectrode 32,. a second counter electrode 33 with two fingers 34
surrounding the working electrode 32 and a stirrup-shaped fill detection 10
el ectrode 35. The el ectrode structure nmay be produces e.g.. by |aser

abl ati on techni ques out of gold |ayers qf. about 50 mthickness. Counter

el ectrode 30 is located close to fill opening 3 is and is covered by a
reference reagent |ayer 37 containing e.g. Ag/Agd. Wrking el ectrode 32
and second counter electrode 33 are covered by a coagul ati on detection
reagent 38 which includes the required reagent systemto start the
reactions ofligRBeto4gisabren igech.orReagemt 2bayayed . 38141 shaont déasgany
feagent s reaukhefesobarlgkeetianly I BRRLoRRLALE RRASWARIE property, in
particular in the preferred case of enzymatic detection "of ‘coagul ation a
substrate ofurkBeredpectivs ionzyisrdat iexoapherele substrate el ectrozyme
TH. of the enzyme 25 thronbin. A test protocol performed with the system

- shown-in figure 2 may include the follow ng steps: - The instrunment is
swi t ched® onEABEBRBERC AMTFIBETSEG dserh | figure e3t Cemprdsesarfdiwsual operati on

checks —areepertobRRE. incWHen Ry SN £l OuhSeAPRh bed xS 65 0peniNg 3
of capillary channel and the liquid bridges first counter electrode 30

f
and drop de{iéEFFBHOQI OCP| Hb 19| WOHRNGeCHBEEECEE BR apdl §FRGNA

sui t abl e ACcdéntpet edldadirdde t3resel el eghs ofesgand det ecl @y $Rar Pnedrop of
.the Inpedange when otQ egﬁﬁtrodes are Contactgd b% %h% l'iguid..  Wien the
bl ood sanpl 8°FE PHEr ERESFPRM ThtT T api FHAFyup-shaped £111 detection

10 electrode 35. The electrode structure may be produces
e.g. by laser ablation technigques out of gold layers of
about 50 pum thickness.

Counter electrode 30 is located close to fill opening 3

15 and is covered by a reference reagent layer 37 containing
e.g. Ag/AgCl. Working electrode 32 and second counter -
electrode 33 are covered by a coagulation detection
reagent 38 which includes the required reagent sYstem to
start the reactions of the coagulation path. Reagent

20 layer 38 also contains any reagents required for
detection of the appropriate measurable.property, in
pérticular in the preferred case of enzymatic detectien
of coagulation a substrate of the respective enzyme,.for
example the substrate electrozyme TH.of the énzyme |

25 thrombin.

A test protocol performed with the system shown in figure
2 may include the following steps:

- The instrument is switched on automatically by
30 inserting a test element and usual operation checks

are performed.

-~ When a sample drop is applied to sample opening 3 of
capillary channel 4 and the liquid bridges first
counter electrode 30 and drop detection electrode 21

35 this may be detected by applying a suitable AC-



s channel 4 (by capillary action) its arrival at working electrode 32 and
second counter electrode 33 can again be detected by applying a suitable
AC-potential to these electrodes, The wetting of working electrode 32 is
al so a suitable starting point for the coagulation 10 tine neasurenent as it
coincides with dissolving of reagent |ay 38 and therefor with the start

of the <coagulation reaction sequence.. - nplete fill of capillary 4 is
detected by a current flowi ng between fill detection el ectrode 34 and
second |Is counter electrode 33. - An enzyne activity is detected as

measur abl e property of the coagulation detection |liquid by electrochen cal
means. To this embtamteralcdimplBresti tleotrodpsl bady detertsimg abl sheppst ant:

DC-potential is A t.Q, ing. 20 el ectrode.32 with reference to first,
count er eIectrodgﬂﬁ%bgﬁ%mﬁégg$%ﬁgﬁﬁ??eﬁﬁcﬁeggﬁfeéggéf%é%é%a?%% at

sui tabl e i ntervalertagred. Iy sdeontsyuidwien at the end of the coagul ation
~path the enzynme Thronbin is formed it cleaves an electrochemcally active
group fromthe 25tmbsthatlel cohtaamnetei hsr fageher aramwrssinher ebyillaausi ng

an increase of t I ChL r risti:.c of z aiion
Thi s changs del [REC{Tie. enil bf ?%%1%%£§u?§%?sﬁi e e T Veed PhoRE o
deriving the desiglearieerifl 3 i vndparanstercintsd kdeet Trdmed3 tayergBishown
infigure 2 is anp,exaoplea of ﬁ&e&{;ﬁwihsags su%%!a&ﬂ@ %@sp&&@ﬁeggltesperat ure
sensor 14. Its tenperature sensitive range_4 is defined by the area in WO
2004/ 068138 PCTI ERY0RR/ Dbt5950048 - whiehvatténg ofi Woridi iar ¢ bacereder pa

thernistor- condutd aflsains, st ypawsakl )étia@tangeg)@d@fﬂ EHITBIHET c8ag&awiioni N

nore detail in 'flqgre 3. Conductor 41 can.be nade trqg1 , .

. 10 trme measurement as it coincides wit dlssolylng of
reagent layer 38 and therefor with the start of the

coagulation reaction sequence.

- Complete f£ill of capillary 4 is detected by a current
fiowing between f£ill detection electrode 34 and second

15 counter electrode 233.

- An enzyme activity is detected as measuréble property

of the coagulation detection liguid- by electrochemical
méans. To this end after complete. £ill of capillary 4
a suitable constant DC-potential is applied to working

20 ‘ eléctrode 32-with reference to first counter electrode
30. Thereafter current measurements are taken at
‘suitable intervals (e.g. 0.1 seconds). When at the end
of the coagulation path the enzyme Thrombin is formed
it cleaves an electrochemiéally active group from the

25 | substrate contained in reagent layer 38 thereby.
dausing an increase of the current which is
characteristic of the enzyme formation. This change
defines the end of the coagulation time which is used
for deriving the desired coagulation parameter in

30 known manner.

Layer B shown in figure 2 is an example of electric léads
suitable as element temperature sensor 14, Its

temperature sensitive range 40 is defined by the area in



typical therm stor material with a | arge dependence of 5 resistance versus
tenperature. However, also materials nore comon for test el enent
manufacturing including a gold |layer of sufficiently small thickness (Iess
t han 100w(p55},4,§;§§3 gbeen found suitable. to The resi st apepePh04dosss

therm stor-conductor 41 is nmeasured by a four-term nal arrangenent where
two termnals 42,43 are used for feeding a constant current into
thernistor- conductor 41 and two separdBe term nals 44,45 are used to
measure the resistance in current-free manner. 15 During operation of the
systemthe tenperature signal generated by el enent tenperature sensor 14 is
used in conbination with the signal generated by instrunment sensor 15 to
-det er mi ne a whildtalsl ¥erynpbint ané natrew cfle2® rdiicghhacodsacy-t o be used for

cal cul at | on @lnddiorcQagN)| aLBIRRIATEL Of detablens! ARdaLd Lenpgcgiure from

a nmeasurenent perfaorned at a_(l ower) non- ur €: e el enent
t enper at ure e Ie ggtpdlopnyfigire 13 Lenduskode 4lnFarmiei Badabbuen

t enper at ur e toheirgAs theralieser paverial Wwitth Tah&aegagdbgéhaandét6ﬁt I on zone 6.
It is ther q%l%t%?ltceng%g%a? \A%e@gérémrse S%%Jf% e%ndaagﬁemaggg tur €

measur enent ctronic art medsar Val uati on
el'ectroni cs mIe t@“ﬁloll’loﬁpgot?éﬁp%l%m%me neanfiacEmring aAngbuvdingeaquantiti es.

- Instrument dlmqy%twbe 58P80cidRely safd tRiRkavkde (1688PEhahH M 6o
i nformation r a}{ t andar terrper ature. This tenperature
S

i nf or nat i on a§88P§t8u+Ea? sense that the neasured difference 35
fromthe standard terrperature Is (wth a high degree WO 2004/ 068138

PCTI EP20Q¢/ OfQ5 Y s 1k afbe@BEUERE Y nd iRt SATE dofan@hbr! B8 EUMRBLSuPLaCh is a
by a four-terminal arrangement where two terminals 42,43
are used for feeding a constant current into thermistor-
conductor 41 and two separate terminals 44,45 are used to
measure the resistance in current-free manner.

15

During operation of the system the temperature signal
generated by element temperature sensor 14 is used in
combination with the signal.generated by instrument
gsensor 15 to determine a reliable temperature value of

- 200 high accuracy to be used for calculation of the
coagulation parameter for the standard temperature from a
measurement performed at a (lower) non-standard
temperature: ' ‘

‘- The element temperature sensor 14 is only used to
25 provide information about téemperature changes in close
proximity of the coagulation detection zone 6. It is
therefore not necessary for this sensor and the
temperature measurement electronics 46 (which is part
of measurement and evaluation electronics 13) to allow
30 temperature measurement in absolute quantities.

- Instrument temperature sensor 15 is used to provide
temperature information relative to the standard
temperature. This température information has to be
absolute in the sense that the measured difference

35 from the standard temperature is (with a high degree



necessary requirement for using the sanme mat hematical relationship of

coagul ation tine versus tenperature for the tenperature conversion of al
instruments. 5 in practical use after insertion of a test elenment 2 into

i NSt r uMeWO 2004468138 enper at ure of el ement tenperature HIAEEPOHMIROSPT npnitored
to derive an information about the change of the el enent tenperature versus
time or in other 10 words the speed of 1@l enent tenperature change. Only when
this speed of ,change falls bel ow an acceptable value (in other words only
when the tenperature of the elenent 2 is sufficiently constant) a signal is
given that a drop of a sanple may be applied to the test elenent to perform
a 1s determ natgoacRfuraegyutnéi sdmdafwehiar 1 sk kst gORHLELODg 4S nMet the
tenperature value of instrunent tenpgrature sensor 15 is used, as_"true"
tenperature foPSHESAEENTERLEHRMERY %?%f‘bﬁ“é’@ %ﬁotsaﬁ‘ﬁl fathempbhpet at ure
change of el ensetlaticompbipt of ecoamslat flch himealversulbe teappeaativee change of

I nstrument te e i | t.ored, n. sults are
achieved if anéw(ﬁrgulﬁ;et it%ﬁgégé%&e?%i %%W%lélt%é cezbsf p\igceln,gﬁ%lﬁ\%vﬁéﬁ'the speed of
change 2% of both tenperature sensors is, below a suitable Iinmt (which may
be di f f er ent1d girdeatitaienser &ft%ﬁdiﬁf’éﬂ'tﬁ!brﬁoﬂfﬂagﬁbﬁtcénﬁﬁléﬂt Qeﬂﬁ%h at g(r) eb
envi ronment ., During _expecinmeptal evaluation.of the_invention it has een
found t hat b’;f’%]frfé‘érge“??egnghs ?iﬁ%&i%?%’i‘tﬁee ‘?f‘gaeslff“t?ﬁéntte“%rb‘h%?m e whi ch
fulfills evesensar éé rienmopihoyed teqleriererrs ioffccvagibat abouteshs.

Si mul t aneousdyaiie 410 creh@1bAEht | Bahpd AR RS lvdlRAP ik BRes Al BERes ensor

need not provide absolute tenperature values it can L ncor por at ed
rel atively i¥REGRAS SPFPnPd EheMeRs fomata s (419681 881Y when
PCT/ EP200410EE9 sped of change falls below an acceptable value (in

other words only when the temperature of the element 2 is
sufficiently constant) a signal is given that a drop of a
sample may be applied to the test element to perform a

15 determination of coagulation parameter. If this condition

Q

is met the temperature value of instrument temperature
sensor 15 is used as "true" temperature for the
conversion. ‘

20 -Preferably not only the temperature change of element
temperaturé sensor 14 but also the temperature change of
instrument temperature sensor 15 is monitored. Even
better results are achieved if a coagulation _
determination takes place only when the speed of change

25 of both temperature sensors is, below a suitable limit
(which may be different for both sensors) indicating a '
highly constant temperature environment.

During experimental evaluation of the invention it has
‘30 been found that by these means a temperature measurement
is possible which fulfills even the extremely high -
requirements of coagulation tests. Simultaneously due to
the fact that the test element temperature sensor need
not provide absolute temperature values it can be
35 incorporéted relatively inexpensively into the digposable



test elenents. The instrument tenperature sensor 15 needs not be |ocated

I nside the instrunent. Rather it can be even advantageous to | ocate sensor
15 at the outside of the instrument in a position where the environnental 5
t enper at f¥@200406888sur ed. Fi gure 4 shows experinmental PEYEPIG/UA%EHL were

generated as follows: - Sanples from27 different patients and four
standard 10 liquids ("normals ")were taken, each separated in "multiple
aliquots. - Fromeach sanple four neasurenents of PTT-val ues were nade at

four non-standard tenperatures between 16 and 32C (using four aliquots).
These measurenents were 15 perfornmed with a CoaguCheck(r)s instrunent as

manuf ac- tur b pl n ich nmodi fied by disablin
thernDstat|r¥§g'§')éltegl%n$B gﬁgt%?%@9§W?§$%ﬁﬂqﬁﬁ?t Foé?&@ﬂrb}k %%?%?onlng t he
i nst runent |r¥?ta£eeﬁq§’§|a§5dt ineide ape ringtorumeng .oRdehetro iknpanveet he

preci si on aréalrdm%rd&&ma aeusd@éaléé’é@e QRGTE 1f5h§%etH€aéﬁEE?8Qt§f""as

per f or med th. four different Q%Lrunen s. Sinultaneously each sanpl e
PT37 was det@lnidBSFruTentgil &onQRhtighiheEsafhensarNirPamepsatm with 25

t her nost &t | r@mplér@ruwrleeisemahseréa'.- rati os Y=PT37/PTT were cal cul ated. These
PT-ratios are shown in figure 2 relative to a tenperature ratio X
cal cul ated by, d|V|d|n t he respective 30 neasurenment tenperature T (in C) by
37. Figure H’gPW&I FXEarameRtal aigpuitgs whighg wegpy gengzsated

det erm ned bg/sr&gnes@ on analysis therefrom In this case the curve is a
second order polynom al as shown WD 2004/ 068138 PCTI EP2004/ 000595 21 in
figure 4. Thi s Sampdess firiom erﬂlfﬁemptf gt itdmdts winel four standard

10 liquids ("normals ") were taken, each separated in

multiple aliquots.

- From each sample four measurements of PTT-values were
made at‘four'non-standard temperatures between 16° and
32°C (using four aliquots). These measurements were

15 performed with a CoaguCheck@S instrument as manufac-
tured by the applicant which was modified by disabling
its thermostating system. Temperature variation was
provided by positioning the instrument in a tempera-
ture chamber.

20 - In order to improve the precision and increase the
data base each of these measurements was performed
with four different instruments.

- Simultaneously for each sample PT*’ was determined
using a conventional CoaguCheck®S system with
25 thermostating. ;

From the results PT-ratios Y=PT*’/PT® were calculated.

These PT-ratios are shown in figure 2 relative to a

temperature ratio X calculated by dividing the respective
30 measurement temperature T (in °C) by 37.

Figure 4 shows that all data are very close to a curve
Y=£f (X) determined by regression analysis therefrom. In
this case the curve is a second order polynomial as shown



t enper at ure dependence can be described by a single functional relationship
I ndependent on the source of the sanples used. 5 Wth respect to the
tenperature it was convenient during the practical experinments to use

t enper at uw@ 20031065188 (as shown in place of the absol ut ®CTAERRIOH/BA06I5ES) .
Evidently Y=f(X) can be easily transforned to Y=PT37/PTT=f(T). 10
Furthernore an equation for cal culatingT37 is easily found by sol ving
this equation for PT37: PT37 = f(T) * 'IlT Figure 5 shows a conparison of

| NR-val ues determned is according to the invention (designated | NR=m)
with corresponding data determ ned by a reference nethod (INRO. INR

val ues are calc y rJm, alq bet ween PT. and: Lan Normal PT
(MNPT) as isﬂlwe ﬁ%(lﬁ%m‘iﬁjl ﬁlﬁ'ﬁg% 8?? E ﬁ'h% ?lil%l?leselsrfﬁ)vgsa rkné:?latlzﬁg‘hﬁesul ts
gener at ed 20tegPeRRtuTRidrRENdeNSe gapxkel fesrrikpddnem sdindlea Mean |

Rel ative Deviahé®©roddRPeldt idnéh¥p Lhaspondehbeonatipd sdilidle e ryal ues of

I NRI mv were detew{m' ned with anbient tenperature neasurenents between about
16C and 32C SHRTEAs"9%e reference val ues I NRcKs were determined at the 25
standard % enperature of- 37C. Figures 6 to 10 show the results of experinents

perforimed Wiy arSfdere MUHCEAbePAEREES1 OUia @ il idnt Qurydlpl f er ent

met hods. I n each case ratio Q coagul at1 on par aneter t andar d-

tenperat ure 5RE PRRCEIGRL paRariments b Wpe temprrature ratiomsarasr d
tenperat ure shewsi pnapkitel OtHETabablate Zefwérd Nt as iaaaitYyf or

APTT-rati 0S) I 0 ai he t erature,rats, _ e indivi dual

figures are %égggi o%érg%%%ar%‘n s_kﬁglnﬁ% 'ﬁ%g3%° ?%Tﬁ\/\iﬁ?'cfoégm ation test

syst ens: 19O Poodheesins FCHRERION §ogseslcebating PT' is easily
found by solving this equation for PT*7:

PT¥ = f£(T) * PTT

Figﬁre 5 shows a comparison of INR-values determined

15 acéording to the invention (designated INRyy) with
corresponding data determined by a reference method
(INRcgs) . INR values are calculated by forming a ratio
between PT and a Median Normal PT (MNPT) as is well known
in the art. The figuré shows that the results generated

20 by both methods are in excellent agreement with a Mean

~ Relative Deviation (MRD) of 3,74%. It should be noted
that the values of INRpyy were determined with ambient
temperature measurements between about 16°C and 32°C
whereas the reference values INRws were determined at the

25 standard temperature of 37°C.

Figures 6 to 10 show the results of experiments performed
with a smaller number of samples but a plurality of
different methods. In each case a ratio of a coagulation
30 parameter at a standard temperature and the same parame-
ter at the respective non-standard temperature
(designated Y for PT-ratios, Z for INR-ratios and V for
APTT-ratios) is plotted against the temperature ratio X.
The individual figures are based on experiments using the
35 following coagulation test systems:



Figure 6: CoaguCheck(r) S Low ISI PT Stripe. These tests use dry Low | Sl

t hronbopl astin derived from human reconbi nant tissue s factor requiring
non- anti coagul ated. fresh venous of capillary blood. The sanples were from
pati ent s Vo0 2094/4é8138ant i coagul ant treatnent. Figure 7: POETEBAHEIESk(r) S Low
Vol ume PT Strips. These strips contain Hgh ISl thronmboplastin derived from
rabbit brains requiring non-anticoagul.afed fresh venous or capillary

bl ood. is Figure 8: Anelung 4 Channel Lab Analyzer with Low I SI Lab reagent.
This reagent contains Otho Reconbiplastin PT derived from human

reconbi nant tissue factor requiring citrated plasma. 20 Figure 9: Amelung 4
Channel Lab Analyzer with High | SI Lab reagent. This reagent includes Dade
C Plus PT derived fromrabbit ~brains requiring citrated plasma. .25 Figure
10: Amel ung #i@egrfe! Lab Anal yzer with Ortho Auto APTT Lab reagent

requiring ci @:6&?@1&]@@Lo§prﬁ ?@C#]tf?%é; e JL LY %aﬁ%x gs shown in

descri bed for ctl ona ations

Yy “a sing
the figures.I uEthéggﬁﬁﬂﬁﬂﬁnoﬁeFévﬁﬂpf¥@%bW¥m4Q)rQﬁthﬂnﬂﬂﬁ tylseyeof
coagul at i®on faetdrlfadumh m@mhandﬁyoagﬁmﬁﬂédfﬁEeéH“%éhMﬂs grem stry” test.

WO 200410681§§pf¥¥éﬁy%9.%QPOQ§%§samSle &g%e(%rom patlents on oral

anticoagulant treatment.

Figure 7:

10 CoaguCheck® S Low Volume PT -Strips. These strips contain
High ISI thromboplastin derived from rabbit brains
requiring non-anticoagulated fresh venous or capillary
blood.

15 - Pigure 8:
Amelung 4 Channel Lab Analyzer with Low ISI Lab reagent.
This reagent contains Ortho Recombiplastin PT derived
from human recombinant tissue factor requlrlng citrated
plasma. )

20
Figure 9:
Amelung 4 Channel Lab Analyzer with High ISI Lab reagent.
This reagent includes Dade C Plus PT derived from rabbit
brains requiring citrated plasma.

25
Figure 10:

. Amelung 4 Channel Lab Analyzer with Ortho Auto APTT Lab

reagent requiring citrated plasma.

30 In each case the resulting data can be described for all
samples by a single functional relationship as shown in
the figures. Thus the invention is applicable to
different types of coagulation tests including both "dry
chemigtry" and "wet chemistry" test.



1. Systemfor the determ nation of a coagulation paraneter of blood or

pl asma sanples of patients, said system conprising a disposable test

el enent (2) including a reagent 10 system (38) to be m xed with the sanpl e,
t hereby vouroisne1m coagul ati on detection liquid, and BCTEBHE#PAISon
detection zone (5) where the coagulation detection liquid.is contained for
nonitoring a mneasurable property of the coagul ation detection 15 |iquid,
sai d neasurabl e property changi ng duriﬂ?gj3 coagul ation, and an instrunment (1)
with a holder (8) for holding said disposable test elenent (2) inserted
therein and with a neasurenent and. evaluation electronics (13) adapted 20
for detecting a signal which corresponds to the neasurable property of the
coagul ation detection |liquid and including a tinme neasurenent el ectronics
for neasuring a coagulation tine required for said change to occur for
deriving the desired coagulation 25 paraneter therefrom wherein the
coagul ation tine is determned at a non-standard tenperature of the

coagul ation detection liquid diffatent Flaamd standard tenperature for the
30 respeckive coagul ati on paraneter, said non-standard tenperature being

measur ed by te rature asurenent device_(7), the instrunent (1) has a
non-vol ati | eilhen%?%?ﬁgor c:‘cg:“raﬁ zsgléﬁfeﬁ&laﬁtfho%?%l‘ﬁ o%cfafgd‘gla&:lr?é‘t henati cal WO
2004/ 068138 PCT/ Freatei 30050 Dlopd pal plasns he gl e oafl) padtiiemrt st,i me ver sus

tenperature whighid ed @i disihgdependent of the individual patient
whose bl ood is exam ned, and

a disposable test element (2) including a reagent

10 system (38) to be mixed with the sample, thereby
forming a coagulation detection liquid, and a
coagulation detecpion zone (5) where the coagulation
detection liquid is contained for monitoring a
measurable properfy of the coagulation detection

15 liquid, said measurable property changing during
coagulation, and

an instrument (1) with a holder (8) for holding said
disposable test element (2) inserted therein and with
a measurement and. evaluation electronics (13) adapted
20 for detecting a signal which corresponds to the
measurable property of the coagulation detection
liquid and including a time measurement electronics
for measuring a coagulation time required for said
change to occur for deriving the desired coagulation
25 parameter therefrom, T

wherein.
the coagulation time is determined at a non-standard
temperature of the coagulation'detection liquid
different from a standard temperature for the

30 respective coagulation parameter, said non-standard
temperature being measured by a temperature
measurement device (7),

the instrument (1) has a non-volatile memory (18)
containing data which define a mathematical



t he coagul ati on paraneter for the standard 5 tenperature is calculated from
the coagulation time neasured at said non-standard tenperature, using said
mat hemati cal relationship. 2. Systemaccording to claim1, wherein the

instrunment _to contains no device for thernostating t nt wth
the coagt®AP¥¥3H&t ection 1iquid contained therein, %@%ﬁ‘%’oﬁ%egfenper ature

of the test elenent and of the coagul ation detection liquid depends on the
tenperature of the environnment in whicB4the 15 neasurenent is perfornmed. 3.
System accordi ng t.o any one of the preceding clains, wherein the instrunent
is battery-operated. 20 4. System according to any one of the preceding
clains, wherein the disposable test elenent includes an el enent

t enper at ure senseilatidhship egf atexhulerienn timbevepstsugenpetrachrsies an,
instrunment tenp r : ( ur t and.eval uation

el ectronics (133&?§H gﬁ%g?g%%?%ﬁ%@f%géa%g%ﬁgﬁﬁghgggggﬁafng%viﬁggﬁnstrunent
tenperature seR3sieptsyhosenpkeed ure examiaede| anflve to the 30 standard

tenperature and - fron1t£e gggnal of the elenent tenperature sensor (14) an
i nf ormati on abolt*®t AR2EPERLOF RALARRE S forhthel 8heREardnper ature versus
time andsWO 2004e068188uPETi £RZADA{10RD T rorb thhecorgabaehent t il eval uati on
el ectroni¢cs (13 t g L | ue i o i nstyunent.

t enperature sen)éngggggredggﬁc%$¥%§{ ﬁt%n\(%argultgﬁ%%gglﬁ%%a%%gﬁgf%arlJ'Sai d

st andard t enper &aERempEdaal heebaeirrali®-i on time neasured at said
non- st andard

2. System according to claim 1, wherein the instrument
10 contains no device for thermostating the test element
with the coagulation detection liquid contained
therein, whereby the temperature of the test element
and of the coagulation detection liquid depends on
the temperature of the environment in which the
15 measurement is performed.

3. System according to any one of the preceding claims,
wherein the instrument is battery-operated.

20 4. System according to any one of the preceding claims,
wherein ‘

" the disposable test element includes an element
temperature sensor (14) integrated therein,

the instrument includes an, instrument temperature
25 " sensor (15)

the measurement and evaluation electronics: (13) is
adapted to derive '

- from the signal of the instrument temperature
sensor (15)a temperature value relative to the
30 standard temperature and

- from the signal of the element temperature sensor
(14)an information about the speed of change of
the element temperature versus time and



terrper ature only when the speed of change of the elenent tenperature versus
time is smaller than a limting value thereof. 10 5. System according to
any one of the (Precedl ngs clainms, wherein the coagul ation det ection zone

(6) is oulQWMOBH. | hstrunent housing when the test BEEERAPHGSS; o

inserted in the holder. 15 6. System according to any one of the preceding
clains, wherein the instrunent (1) comgyises an interchangeabl e machi ne
readabl e data storage elenent, in particular a ROM key (16), said

i nt erchangeabl e data storage el enent including the 20 nenory (18) containing
the data which define the mathematical relationship of coagulation tine

versus tenper at 4he. mdas\RSeRTt. &%aoédhmat’éfbrp|e3_t'e@t§o‘ﬁ*1%"se'(rﬂ3¥h@sé gst el ement
25 conprises a r’r%ﬁh S SAL aubl e_c {i c(gr}t ai ni E‘% identitication data
whi ch are specific for xhe rlfaenLY Fhy” e AB8ETUMERtnt (2) and
the instrunent kewparaeurk rsgnsdr ffor cabclilas isw dtheacblagalatieﬁdabl e

| dentifi cati on codeahdflr (8L caaelakgegnaxrar@e AHRASY SIBA cAOd eval uation

el ectronics (13) al\_:JJf RCM}FI% inserted jnto the i.nstrument

cor r esponds Fﬁ@g\ﬂaﬁ At g IaB T8t ¢hed tméll“é'ﬁ'éﬁ‘fiafé) WO

2004/ 068138 PCT/ ERRPONA0DGH I 1y2Ghen Ehe papssdl ©ff ediangkeesEnthadapt ed for a

system accor di ngeleaeaeytaﬂexfy‘tu%a»@s&st e ] HATBELSLAGL 3, Lerperature
p

measur ement Sensﬁr8$ articul ar therm stor, and ug-in contacts
al l owi ng transfe t§ ?e‘fé}]éfeatt&‘reéeglfgnal s of the terrper ature - sensor to an
instrument into which it is inserted. 9. Method for the determ nation of a
coagul-atign ar ageteh &SP LOhnd! 838% A AHY $rale1BaE! E0Lims,
wherein the coagulation detection zone (6) is outside
the instrument housing when the test element (2) is
ingerted in the holder. .
15 6. System according to any one of the preceding claims,
‘wherein the instrument (1) comprises an
interchangeable machine readable data storage
element, in particular a ROM key (16), said
interchangeable data storage element including the
20 memory (18) containing the data which define the
mathematical relationship of coagulation time versus
temperature.

7. System according to claim 6 wherein the test element

25 comprises a machine readable code (10) containing
identification data which are specific for the
manufacturing lot of the test element (2) and the
"instrument has a reader (11) for.reading said machine
readable identification code (10) for checking by the

30 measurement and evaluation electronics (13) that a
ROM key (16) inserted into the instrument corresponds
to the manufacturing lot of the test element (2).



to wherein a reagent system (38) is mxed in a disposable test elenment (2)
with the sanple to forma coagulation detection liquid in a reaction
detection zone 6% of the element (2) and a neasurable ropert of the is
coagul at i oOFBMIEEBHN | iquid is nonitored, said neas Pé"%l"@%&‘rty
changi ng during coagul ati on, a signal whi ch corresponds to the neasurable
property of the coagul ation detection l2equid is detected and a tine
required for said change to occur is neasured 20 for deriving the desired
coagul ation paraneter therefrom wherein the coagulation tine is

determ ned at a non-standard tenperature of the coagul ati on detection
liquid 25 different froma standard tenperature for the respective

coagul ation para Ier i d no - standard ature heing measured, data
whi ch defi ne‘?a al ?‘a ﬁ nt ad;apn'%?agl?lratl t% acco Ec\i:th

tenperature are tta‘?<erfar?3f orf?%te Sat iy X Ptrﬁé‘lf’ﬁst Pument
(1), said relati orRMGF &Iy m?éﬁﬁﬁﬁﬂﬁﬂﬁ EFnﬁﬂE Nﬁ& V|dHhIPaBE%F%h%rmﬁose
bl ood is exanmi necth@m@amxzom%al@wmmpm@w oedsoving7traaséeng@fat i on
paranmeter for thetstpmdearuare t sipeabs uod | sheakeupatratute omentsercoagulaat i on
time neasured atirstishmet Svedahd chedpetiat iheertsdng a mat hemati cal
relationship of coagulation tine versus s tenperature mhich relationship is

i ndependent of_ th i_d i ent ose Iood s nlned 10. System
according to c ai ﬁﬁL (? 1'ér/ﬂﬂ,rt L{g‘j& §8%8F‘H’rrh 1B < ﬁf’f@u é?%l n the
measur abl e properpgrametdr ofi@ hdopdi oy pfazma @ﬁmp&e ofi shpatientsi pates in
t he 10 wherein

a reagent system (38) is mixed in a disposable test
element (2) with the sample to form a coagulation
detection liquid in a reaction detection zone (6) of
the element (2) and a measurable property of the .

15 coagulation detection liquid is monitored, said
measurable property changing during coagulation,

a signal which corresponds to the measurable property
of the coagulation detection liquid is detected and a
time required for said change to occur is measured

20 for deriving the desired coagulation parameter
‘therefrom, '

wherein

the coagulation time is determined at a non-standard
temperature of the coagulation detection liquid:

25 different from a standard temperature for the
respective coagulation parameter, said non-standard
temperature being measured,

data which define a mathematical relationship of
coagulation time versus temperature are taken from a

30 non-volatile memory (18) of the imstrument (1), said
relationship being independent of the individual
patient whose blood is examined, and



coagul ati on pat hway of the coagul ati on detection liquid. 11 System or

nmet hod according to claim 1l wherein the i5 activity of the enzyne is
detected by el ectrochem cal mneans. 12 . Systemaccording to claiml

met hod acé%?HWH claim 10, wherein the same natheﬁﬁ?&@ép“wﬂﬂﬁtlonshlp

20 is used for aII detern1nat|ons of a given coagul ati on paraneter perforned
with the instrunent, independent of thgyreagent lot. 13. System according
to claim1 or method according to 25 claim 10, wherein the mathenati cal
relationship is determ ned by neasuring the coagulation tinme for a
plurality of different sanples at different tenperatures using the same type
of instrument andhe @ag6015tié® parameter for the standard

temperature is calculated from the coagulation time
measured at said non-standard temperature, using a
mathematical relationship of coagulation time versus
5 temperature which relationship is independent of the
individual patient whose blood is examined.

10 . System according to claim 1 or method according to
claim 10, wherein the measurable property is the

10 activity of an enzyme which participates in the
coagulation pathway of the coagulation detection
liquid.

11 . System or method according to claim 11 wherein the

15 activity of the enzyme is detected by electrochemical
means.

12 .- System according to claim 1 or method according to
' claim 10, wherein the same mathematical relationship
20 is used for all determinations of a given coagulation
parameter performed with the instrument, independent
of the reagent lot.

13 . System according to claim 1 or method aécording to
25 claim 10, wherein the mathematical relationship is
determined by measuring the coagulation time for a
plurality of different samples at different
temperatures using the same type of instrument and
reagents.
30





