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the descri bed nethod, which in sinple teens consists

of veo husizi3@ cont ai ni ng an el ectrocar di ogr aphegraad®4/014412
and an apparatus 20 for performng an in vitro

di agnost.ic test patient  sanpl e
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19r matinghestihbehengeal thee coungtd ¢ Aﬂ&s)f AM;;(R qlmout%or ACS
of thes oRiNeS lead to early patient
o TG R S0 e TS o 0 sy i
co- rplemandgorpav@m ofpadicrlaeieis whi ch are hereby

i ncorporated by reference: USSN 10/ 304, 610, USSN

09 M tHOD A 3, USSN 5 09/846, 411 and

C#Lﬁ&%?%&gé The sub?%sgt i nvention also includes. a

met hod Figure rulis mgdiegnemrgatidi Hegiretiing olp fheqzagps af @eyersibly ischemic,
260 nigrls";el'sﬁ)@ 1§c'i‘l&mc %ﬁd Alroric A6e a@ﬁorM&Me&QB@hﬁ# RgrdocSladifl e

of a pati'ent’s blood, serumor plasm, conducting at

| east Oﬁﬁuﬂe@ o &al‘gganﬁ?aﬁ@}ﬂu;tﬁﬁm@of%&‘}i@rwm ifoRIded e@ﬁalaius for ECG
i schem a and/or a mar ker of néardl ac necrosi.s

c onFRlsiHg confpmctioa ¥iifh prpargius foRpe g@a%/?ng )or TRTE A szhd dlargnostl %ests

of the 10 ECG anal SIS using an a rithmt r

negat i vBIgeF dghés SPgﬁgégéghﬁﬁFﬁﬁﬁqF%ﬁgﬁh %C&]nm:memﬁlme
ne gty Br SHrBGIASINS offidte Meirmaithgnastictess. al | 1 schem a

mar ker tests and all necrosis marker tests are

ahegat i VE]:guI@ r4 Mnedilegldnhﬁauﬁa]mndttoy siifwitpothh stduence SF miesriwd fall of
nark tes necrosi s. 1gsdgegatlve
vvhe‘ﬁc é%’cla dbumi g Onoﬁ%lgﬁrrgarig%&g?zﬁf%{g gﬁ! agnost i c'

As i's dﬁ?sgl(l:rlél% 1s°a graph of sensitivity for detection of ACS for ECG, cardiac troponin T,

3_

and IMA.

Figure 6 is a graph of the Receiver Operating Characteristics (ROC) curve for IMA
30 for detection of ACS from Study 1.
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herein, the subject nmethod can have the advantage of a
hi gh negative predictive value (NPV), 15 making i t
useful i n ruling-out the occurrence o f a ACS or A
M. Ruling-out AM or ACS relatively early after
patient presentation at an enmergency roomcan lead to
early patient release and conservation of nedi cal
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tr o n| n [&31&@? d eﬁ%ctxe;notﬁu ISG%eml? s chﬁ? I Bf1ab0Ss embodied in

Reé’ aracterrs curve for |
30 ﬂfeoﬂbtdﬁm Eobalidrindnfe TRESAOBS fhiegtt droigloppd by { sciggyla Technologies, Inc.,
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t 1 @RERIsH2T 3@ DBEhor hERGHE BvBudtitn & Igheph Swfe, tokiarOr, D. ef al. and
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detFegtect dﬂelolﬁmeé\@Selﬁmm Staprdyis Bf ischsmiddipeg e dpaded impU$ Sppents

Of 6%9?1’9”‘5’1%1 % 1461 TEt 3% vﬁ&cﬁnarg %UI@QI H@@l‘boﬁt&? il \HeRT SHRHS by
>of °Hufrn Ser um é

mn can be nod expaosur.e i
| s etemice Tetlgnme fonlts el HPErTIRE te ﬁ%{*ﬁﬂ!l fhe “?C]Ila@%‘ "2 iB%‘b‘P%e also
of bpénri)%lﬁged‘%ﬁf{rbﬂb ol @lrse N Bam;ﬁ)ﬁNI L. @hareadabion of e Co2+

oSS e GRS 5

Tedigchaeeald; ofipel-4. | schem a Technol ogi es, Inc.
Denver, CO. The neasurenent of nodified netal bi nd| ng
20abi | i t yrtefe is@futdanpniolt dffnict bateden dinmentions] iersrp pf fegyosis such as

det ection o Seobric Br A & d
1Iop CPQIL, P1yo ofbm o ?g (t‘éfé(a P{él% 21%?&‘3(%‘&%&2 b 20 ? +e;t ipira) an
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Rapi d Eval uati on of |schem n
preleased as a result of rupture of the cell mgnb%ngtr‘ror% lleaCIDC.é‘,lS the molecules are released

25  first into the exiracellular space, from there fo the iymphatic sysiem, and thence drain into the
Bloodstream. Tn the case of IMA, albumin is circulating in blood, and is rapidly modified as 2
result of exposure to ischemic tissue. Therefore, there is no requirement for the cell
membranes to rupture, nor is there a long time delay between the event leading to ischemia
and the time the biochemical marker can be detected in the bloodstream. The ACB Test has

30 been demonstrated to detect the rapid mise in IMA following a transient ischemic event,

caused by percutaneous transhiminal coromary angioplasty (PTCA) (BarOr D, Winkler J,
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Furt her devel opnents relating to diagnosis of ischem a
have been described in US Patents 15 6,492,179, and

6, 461, 875, all of which are hereby incorporated in

their entireties by reference. Prelimnary results of
experinments to confirmthe nechanismof | MA have al so
been published (BarOr D, Curtis G Rao N, Banpos N,
LaywBooddagus@ct eri zati on of the Co2+ and N 2-pcBivsthosig412
Anmi no- Aci d Resi dues of the N-term nus of Human

Al bumn. Eur. J. Biochem _200; 268, 42-47). 20 There .
i s VanBepthersrre K éiarrm %o f leit o el £ gﬁiugdz c{/@ﬁ%uil—aoﬁgl -Ezn%mg with
ma Frk:%fe%t %yo@@‘@zﬁp Szkc&en&&zl Cheds elebtiv® pmtumnedny ogtwshininad nepronary

for as_descr i . o
Suﬁ'fgéﬂp aérp{ dA pfq? gp HQJGCOE)‘FWF%’HI? a?me P )éasg m ggdbi cﬁz['l l'%o un i’
t hewnd Beare) 200a5e]:985100hET A &l 2 mme&tgq: g}urg:g v@g@racpgﬁhgter Iap}geaded

cul es _avaij SOBE of iaN®rably et
the%c atcgfc,ogw e%b{{lg %d%éaslﬁc %E@%@ég g@mroel eas?ea ridyCirtery

e swhionf Thespbeirrd s [ it elpor 6 8B 1Ty Srrerider g paloon s
Theaoms, %ﬁmsth@ﬁlfqué 8} ?g@fnﬁdhez\%ﬂlf dfiiget artedy] @erkiydncreasing the size of

extracel l ul ar space, re.to
St drieneil THBHE B AHJoHR SOEH T ST © sl pepred
cagfelighal pMiticeal bunin is circulating in blood, and is
rapidly nodified as a result of exposure to ischemc

1ot | s s ue. AtTiRaiefodbaloort ifatien (ipicaily Yosepondsdrrivstor fse mitges), there is

nmenbr anes 19 Y i r ed 0 chemia

dePy BT o A pHe of o BebleR Bafte @%%?‘*ﬁ“'ﬁ
ti ﬁewnsn@nbﬁmwemeccébﬂth% et %ﬁé&raﬁl% fiseia docs
bl QS LSRR haddiEseA B 1881t of ?d&’r&ldae@nbnd@ BRS¢ deh heebsisO
detect the rapid rise in MA follow ng a transient

I schem By eftiies sheds @6 uflity FEELACRTEO S, didzamsd woll anadescribed

lﬁ\i\%ﬁlgggrg}y @8@%&% %\lfjgégc %JS% d\é %‘(f%)ﬁlf%é 9&1{7 um{nh,g?mcym dnfé zt} %oten tial

Hara§ b Mall-ker ﬁaWyEqardﬂeUszmud:a PréRadhuceRepett bbﬁmﬂg s 2000;19:4.; Wu
U%let%%fc' lDin a{f’}g‘iséhsoh sehemh@: At Qhalysis of the

aneous t ansFum nal cor onazy
o gmwmnaswﬁt BndoreeCH D aey o Srdirns it Crd e Rappp o the Early

ki 912)9!% -dal ciz&ﬁmfahd%adcular ”Aiﬂctﬂegr, 2oQl;1:2,147-152,;
2001; 141 t5.85 99

[ [

200 ata%@ histensoni®dy, an ég %anpeﬁt &&ﬁghg:: gmg}ueg ngnter ﬁranﬁam E,
r achippie P8 Phiufik Gl i MIA NVi@rid DL mmhae;atwsoﬁ amfélbammcﬁom{aﬁwdmg Test
arter occl u ter LDk Sy Clinical

bal¥ oGHETPY 1° 2 “? F8. JW“W gJﬁzgfﬁggl%%%ﬁéa ‘{1%@9%& "0on i s tnica
I nfdhahisiey 200ughe.Ag4-t e pl aque up against the vval | of
the artery, thereby increasing the size of the |unen,
and r estodisnged htove, appombbdine of the e¥et FemtionTREIeT ggaimproved
30 r Qr?e g(lj! E‘q@ nsfst%ﬁﬁ‘ﬁéaﬂ&co? gRk& cteH %C‘Slphﬂiﬂnﬁ@ coﬂfu&ﬁltglaﬂleast i3 test for

tinme o [ oon intlation ﬁ t%303110901”‘,1th
t o atﬂmkeé of fgehegda mdneptignelly anofey @ ’f”%" d %“Oﬁt%?r Tl R
1 QiasufiRe e s en et Afubliingai tlh&ésaft@memlalgdummshbbapl@r the ¥ vztro
ischema downstream from:t

b marker 1s
| R RHEB o AT T PERD1 B Cbr R ki mare

do&Stest for IMA such as the ACB Test, and the necrosis matker test is a tropomin assay.

30  Alternatively, the necrosis markers can be CK-MB or myoglobin or other necrotic markers

" known in the art, such as those described in Wu, A.H.B. (1998), supra.
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not induce the changes seen as a result of |ong

duration i schema, such as cell necrosis. Further
studies showing the utility of the ACB Test as a

di agnostic tool are described 15 in BarO D, Lau E,
Wnkler J. "A Novel Assay for Cobalt-A bum n Binding

and its Potential as a Marker for Mocardi al

| SGH@BHogosdo Pr el i m nazy Report™ J Emerg Med 2Q4Qisaeeentasr
19:4.; Wi AHB, Mrris DL, Fletcher DR Apple ITS,

Chri st enson RE, Painter Anal ysi s _of the i i
Cobal t BfFiEs FbpdeEtvf thv@?fenh@"f‘aﬂg ‘Vﬁ}?feﬁlletﬁ?%ﬁr“a?‘g‘%& with

TZoRaN A foas tésh eorEaé |i36herkd® trR6itet, Oslﬁc}chhaiAeath erehAto@ddee iagditional
| nf ar ction” vascul r To

1 211 ‘ﬂ.%? (Tﬁout 650 eﬁraa grtpgﬁ)é% aa(oeng 18%3%1%§_]I‘reesl?att% ﬁﬁxclds 0T
W RFAV@éeeABBﬁemohmmtp IP Biowt A1, DavirRih Hishies GVaABsMaria A
Increases &‘g;nf"%\% ﬁije?? Acqu}@! s@ﬁotll%zh? t‘bigr?arpﬁin lasty. Am.
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c orJo@paw @%ap@wsp@i 13éﬁ145 andathwhﬂt BCGrn&p casphingg’ wilh FRA, wit

A i ClwinGigm stry 2001;47:3,464-470. As discussed

above, one enmbodi nent of the subject invention

i ncl udeg figher 'eﬁ’@cfd‘ﬁﬂ&ldof tHprd¥ak hOehtibiOE whéritie ECG is combined with the

oty oo o0 L BB Eh e AP B Mot s
10an@hagief, inondihg yopamotdIeME, or myoglelgndi agnostic test, | n

conjunction wth neasuring the ECG and conbining al|

t he r esalfittberiembaiimant gfubd trdsent inPrgibrets arbiry the ERE i gmbingd with the

di 291981 | (a:rk gay %QQIV p?.l Q)ﬁxe Rhries [k%ﬁl[ RSdalidIgRY iﬁeer not markers of
Pre erd%P test 'for e I schem ¢ marker
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rmrPlﬁﬁém (&sh, ér5a ﬁ\aﬁc&r%%o@ar&ﬁ&ﬁ)écle 3a Abdher Bajpeualryiretit peptide

necrosi s markers.can | obi n or other
EhedPYRI € 3%%%‘%@!’@13‘“&1%5\‘7\% ﬁcﬁ"tfrﬁlénag‘?’?}éﬁg uch as those

descri bed i . B. i ;

2004/ 10@?5&‘3% ﬁ&/ﬂfﬁﬁg %‘zd PP ?‘ﬁedrla e(y\Q % been dofied In

t h%uiﬂé]ﬁﬁsepﬁbhslreﬂ @iyt tho Aniesicanhidgue Ashte:laE@Gamdsﬂle dnmnﬁ@u001lege of

th ({;rcﬁgl) (l%llglﬂi{&ia%rl?@ a].t eﬁfaerg%ﬁdenI Bﬁszré;%!‘m gﬁ'zﬁfekﬁtﬁma ﬁH@ Won-St-

provi ‘des t 1"onal i nformat i aon

t heSegmaphideraton Myserrdiat Infsresen Bnderemaf ey 03007 SEdepe Hpi?aée for the
2T %nE%IEEM oﬁﬁéﬁéﬁts Qith IFrFﬁblé m@:ﬂ’qn& inah-SIr G ent Bmhlnf Wy@ardial

Br own

Davi s cr.e
g ObBER A ek GRED O (VRTS BTy o aion
CO VIQEk&f o¥ce AR BlaGieb G8idyline (@ommitee GahdMadagenkd08 ngts T\Sth Unstable

5 O 4 : e S a T cal signs
L o AR SRR i
t hemg syegeomts, fhaESG is opediag thfiptedisshesticed. fisthe BHil pagrmel or not
§M th@l Ih:q Ghen kRG0S OF GeclBRE KEE of R ard e na@ ﬁﬁhénbﬂia adol, )HoWe*ieh itis

an one test for nyocardial necrgosis
PRI hegoh M RmoCRE R P P SO A G ieRgE LC0 4

eniRgdhdBel mafked dT8sdRERS, Sitlee o@D tlieQidvdns oVia@ERia @i ffle@G bumin

i's conbi ne th . . .
there has not been aﬁ:mchem?cal marker of ischemia available.

U’l

Furthermore, the published guidelines refer to the use of ECG and troponin for ruling
30  in a patient with suspected ACS (i.e.: making a positive diagnosis). The ECG and troponin
can not be used for early rule out (i.e.. making a negative diagnosis) because the sensitivity of

ECG and troponin alone or in combination is too low to yield a clinically acceptable negative
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I schem ¢ marker assay result, plus other markers
useful in cardiology (i.e.: not markers of ischema
and not markers of necrosis) such as a marker of
i nflammation |ike C-Reactive Protein (CRP), or a
mar ker of mnyocardi al nuscle | oad such a B type
natriuretic peptide 15 (BNP) or associ ated nol ecul es
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fromthe onset of chest pain. On the other hand, |NMA
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30  quantitative resulis of each of the tests is also applicable). This algorithm is hierarchical, and
ordered in that the highest risk conditions are at the top of the table, and risk decreases going
down tha table. That is, if the BCG provides definite diagnostic information (e.g.: ST
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10 For exanple, the algorithmmy conprise nmaking a
positive diagnosis for ACSif the ECG is diagnhostic

for ACS (e.g.: ST segnent elevation). If the ECGis
normal or non diagnostic (e.g.: there is an
arrhythma), then the patient is at highest risk if at
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onpute_a probability of the patient having ACS—The
|so Gk hdanadpRysial Sp take i nto ag SOSadmehheppsiobABE i ty
hat a_patient has. the iclinicall 25 condition as
aloRhdloned-dayndshie| aral yisi s +of t Nen-BCEleadtiondlyf@rdipl Infarction
ysing the inventiopn of | US2002/0133087Al supr
qNHhA ofghntidbgsostis Dbabi | |i ty -wi t i) AUSeprpirable 281 bi ¥Ades
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il of Wh-dRgAN B DY uEi | i-zi ng NBayjseleEmiddhresbp@m An
exarT_D|e of._an alg Lith i M_n_‘l:a,b_l_&1 where
_ bi nary <(te.aByotithMQs bé 9@ caprincoty@ gt addigdnal Ielsal;neteg sofh qsh]@ patient’s
a h o I
LGS PN oL AU 58 gl PO LS
t eshsbd sxteallsigo a’pgpqrr@agﬂh@r)maﬂqwﬁ of 1@11@1@5?,,@%%5, g others (e.g.: BNP or
hi &gk chical, and ordered in that the highest risk
conditions are at the top of the table, and risk

decr easggs HotAGip M B artdaRbshin dutiag ACS leadifig t B@IEBustrated
provi des definite diagnostic |nf9rnat on

Vo pDmabR 5 et G005 PR Bl e Ay TR e
14 haﬁl&lhﬁlsaieﬂ@rwmc&sédsm t&iﬁiect&tmdafﬂra gobhepreteess tlg vajunes of the two

necessar L.t the Loft o
and ot Bpat e e er] RERA AR5 Be S APLAR s o e of
d efiherti drizaal Now-a xiSTs dehectissiteil omefiyioly é)pcmrraq repexfibly dschegic. With the
di é)gggés) of a%lrl]ngll rAﬁo&tt Qﬁﬁmé R Ses B PrdeRhd ibERd e\te&bll'fﬁiﬁﬁlehﬁefor the

I S non-di agnostic or normal, t
t r Gprgpit e s tapfe falep e 1FPVE@MY sl A0 T oY Nkt e ot time
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coronary artery occlusion is necrotic, and there is a full blown infarct, with no ischemic tissue
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Temaining,
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Table 1 ECG | MA Troponi n Di agnosis ST Segnent

el evati on ST Segnent El evati on Myocardial Infarction

ST Segnent depression ST Segnment depressi on ACS Nor mal

or non-di agnostic +/- + Non-ST El evati on Myocardi al
Infarction Normal or non-diagnostic + - ACS (probable
ACl or UA) Normal or non-diagnostic - - Non-ischemc
chesto p@dws1ddhe algorithmto be used can i ncor perakfosniaz
addi tional parameters such as the patient's 10

physi cal characteristics, famly history, or nature

and dur &t she tigs afich discompihartemasclug oA Rrprodused apdihe ACB Test

ext emetatestaBoveME0sROr (24, &h@ﬁﬂa&nuﬂmﬁl&emsmt rahe,NB1Gabng rapidly the
necrosi s, .or, ot

r el BEFBHSA fsﬁ"'ﬁl&t‘}ﬁﬁ@n’g‘i il et %&&@%S%uw“ﬁs ploypied while there is
| eastiirighintc Adste, ksl dnbd Alishe dae tisgie Agyroanmeetd foa sgheini to necrosis,
Bl 0L s 0 SROL! A1 R85O Bhe bifhe Hetllo HERE B8ERES necrotc,

he vo ume o |sc
nec frenseid .is Tfpased @pd sxwlsqs. ignwayf m*prtbe Blp%ﬂﬁ‘FPaF]e &né%@ﬂqesis f pafficient
val Ygsndfr del8tict el TBIdKL fuSficieht tihd1hs hh®, BE s@uBQfPHAL Yovel rises
artery occlusion (shown as the vertical an-ow at the
| ef #0o¥F the QuEEIRGE | zont al t | ms axi s) s orne tissue i
nmedi at e econes reversi
passage OSXPPQI‘*?%I Hmrtaesa of ¢ % upe ? ?ﬂ?om?ﬁ th?tlh%e?dlée {ippcip falls
lbas s|belg Bftdr nﬂ’atﬁr(&uhlywvexsev}mlm@s)fmrs eXﬂ'eelelyIddﬁg:é‘So dipgnoee re-infarct
tarts ugﬁe:iiue dsc m1I %\I}e%’}é .Kﬁc’ Ianb%me le, 8&% ggaﬁi@ﬁi[ lﬂresergs with chest

eve 1‘ts
nor eaipfis tdmmspcls 3% éam @We@fﬂ gt eﬂmt@’fed i ﬁ@ﬁ@sw tprapy (e.g.

| SCREMLGIlids SBMQ, sBRCP RSy Qf:ﬁl@tphtfént frtend Wi &Mﬁleﬂeﬁlﬁode of chest
vol unme of ischemc tissue st arétﬁ to decreasg ttn t
i 5c ARV of fhess daysiatierdhaRitipLexept % ﬁ’é’&er“b]i“?cé‘e’f‘ﬁc §'ti’g‘ers of necrosis 1
15V efitetidntely, d ifflcilt tholietetnhias ifghiafsfaacthee evdny btdaese t @potm &ny p ossibly
ar t %X\I’l@fvg.b é@i Qnel%vsteg lg:ﬁ‘.r tCO)tGI 1'8130 (? n‘ta%et 1!'1]0%{ ﬁ'le nﬁna@AfM)I hOWBV smce

bl o e€m C r emai
WO 0o QA 1rSides @all@@srtapmsoew o apisbge, amaadmbif @1S<th|a1i$‘é V@lf“t eﬁ‘fhe MA

the gr%]lﬁ{re 16 G REEd lx'a%éé) Rus) iMBe ?éleﬁﬁaﬁagéﬁ?s%thaaﬁ&h& Bfisode,

ACB value rises above the cuto .

| | mftthedwt markergp pigY2tedaimere presetaiem g seprge S @Frylttl%@f) t be a
Ppr eseR@evedf 1 schemc tissue. As tine goes on, the ACB
Test remains elevated while there is still ischem' C

ti ssue, TantkeCddeAtagt lof the uﬁﬁﬁeeﬁﬁﬁd of Mgale fhasr eahvidndnedf the

fromischema to nec S he (S dest r. :
ol PG Ee pEmBG AT pyg U B9 R Syl prosens
nec podnk date ardl tieplpghasis nsSTFEéﬂsaaé theh mesdhninmie Jaystlaerpath npirbECG,

t he,pLoods LSRR thgmtgceacfd 1? ?fl M3 B S dolefhifdte thls\i:‘?ésé&%oﬁfs non-

necrotic tissue, cient time has passed,
28 er isphemicsprstiain (1 ge\IMA nopmad)or another ischemic event (i.e.” IMA clevated).

Since the algorithms described above require evaluation of whether the tests resulis
are above or below a predetermined cutoff, it is not strictly necessary for the test method to
produce a quantitative resuit, although of course a quantitative result gives additional
information about timing of the event, particularly if sequential measurements are taken. A

30 quantitative result can also give an indication of the severity of the episode, i.e., the extent of

ischemic tissue.
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above the cutoff level. One of the major limtations

of the use of troponin is that because troponin falls
10 slowy after infarct (usually over several days),

it is extrenely difficult to diagnose re-infarct or
subsequent ischem c events. As an exanple, consider a
patient who presents with chest pain, is diagnhosed as
hawagoansAM and is treated with reperfusi on Hdrasapyoe14412
(e.g., thronbolytics, PTCA, stent or surgery) | f
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sin 'c&la;?x éet%/rly -ocd IRV Eekial &{eﬂﬁ:@aﬁoﬁsrb@ lsblmldmirk@ﬂ's) faid byfiosally other
rapi fer an egr sode, patient's di sch%r%ﬁm% e o or
of PO TR A SREA BEG ryaie P PR ERR PGP
r a@@ﬁecteéf h:'dﬂlac iidsudsh eanped b@ibiineprieseaesa wioldl @redgonighn similar or

epl 3 rker e
pr &% gﬂl‘cﬂm‘gt 1p g’ﬁt qfﬁgug’*ec S {n&ps the %e (!ogrg@&fquh#ﬁg Tcrohc/ECG even‘fs
a fdiQatieeis onbirgeing ndrdiacTdsttessk é’hﬁ@h@hmmg@erb@nplme P P@Tﬁlpla gpatient’s

be@ﬁ%ﬂ%) &Ergl M%he El%%ﬂtéﬁﬁthxﬁ M@hﬁ&ﬁ% &ftraﬁt@ Statu@brGsikidnl Within

out atient’ Vi ouiA hi st or ¥ dial
Thée urchem:wecrasrbapgréﬁwn E‘}dé%éﬁ%@meéh’?“&‘?é‘ BrAFET Hif g fmyocardia
di agRash SmitdlehEM, etcand then presents a few days later
with normal ECG  but elevated troponin, then the

addi ti Qﬁ(ltheiﬁghlﬂﬁ\éom&ﬂﬁ HEEB&n d&bﬁfeﬁhﬂ]ﬁnﬁsfoftuhn§ the ECG in conjunction

o o o 4 iNvéntion

p ﬁtﬁlb)oglﬁimcg]ﬁ%af’r]ﬁ:ésr nltiu € r?ﬁ?egte&én 1\;1331({05 ?\%ﬁh sgﬁhrlrl)ﬁl&\iasxg N the! % el
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t érm ned cut of
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20t aleR Btternfit ﬁGnc@pa&rﬁlwtﬁalowvﬁltkoeM ts notmleasbd Bomy ithpdntgripr of cells as a

| ndlsu ?t f Fecrogls %hs ﬁgsgc?ﬁa tnXmﬁf 1%]}3)31 oggdé}%g]ﬁmsﬁls &y cellsh@hus the

PCﬁq@S@@@mﬁf@m@memmf aieflqﬂﬂp Fremp eg“pﬁq)lap%ﬁ{th a weasuregpent of ECG

det ahillNRk R0 tRfobRbls FFRAVest @ lnvéfiod VA mar ker in
conjunction with serial testing of ECG and/or serial

testing,efe Pedif kB bdiRbnt RLGE Qr%éeﬁt 1@@1’1\:10)/1! ﬁd e@bctrdnﬁbf Iﬁtﬁdmtlﬂomng is
about the tine course of a cardiac is

25Refp§?’l§lﬁq: grhllc]b crpp;ﬁﬁ?sean (% QRfans ag él% | C aI ﬁeade I%ghor conductmg a
anadickiadmicaDist tidie ol tddstiifn Theae aramdny’ﬁn&ﬂmdmf mnlﬁlgnenangq o Fi@p for an

S\e/t%gs%%i%avg? b% ro(\)v%f 0 Mlos%rftmg IXI \8‘&1(‘} ua§'ﬂ 9§1 ﬁﬁ%& % osite Inc. (San Diego,

Schema nar er( opt1 ona
ot tgay) selism Tringe? @arr!mc Reads) fon gupnifative értere@@lrnecsfdwﬁ@%ﬁ Q%W and
patnjlygggb]p_opul ations presenting with cardi ac or

30 Figure 2 is an iltustration of such a device. In Figure 2, the electronic module housing
(10) comprises an ECG fimction means including a means for displaying and/or printing

BCG results (11), and a means such as a keyboard by which an operator confrols the
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suspected cardi ac i ssues, can be conbined to create a
nodel or algorithmsimlar or analogous to that of
Figure 4, which maps the tinme course of

i schem c/ necrotic/ ECG events for patients undergoing
cardi ac distress. Physicians may then correlate a
particular patient's 10 (serial) readings to the node

or wbaMiadsksn to determ ne the patient's stat uscigns2no4/014412
position within the ischem a/necrosis progression

and/ or determne the tine of onset of the a &e by which
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t hapd1Bi-hasch fias RRRR: Hesphidias ticpiasmmciods autiiphy ptive (12). The
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troponln CK-MB and nyoglobin. 30 Figure 2 is an
i |1 eR8EFAdFon of such a device. In Figure 2, the

el ectronic dUI ﬁ%ﬁtﬂo an’gof gh%'q}lterg Q{Prbé @B?i tﬁ{‘EE@Q‘uncnon of the

funct i on'#&an g & heans for ﬁsng and/ or
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30  ischemia and other measmements and the analysis of the combined results are displayed

and/or printed via a Display and/or print means (11), which is shown as one means for all
types of display or print, but could, in fact, be separate means for each type of information to

be displayed or printed. A control panel and data entry means (9) is used to conirol the
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5 patient's body. The nodul e housi ng has an aperture

or slot into which a test strip is inserted (19), and
associ ated neans for reading the results of a test

strip for one or nore biochem cal markers. In the
illustration, the reader neans is included in the body
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30 stratification of patients presenting with chest pain (or equivalent) of suspected cardiac

origin. The performance of IMA was compared with troponin T and the presentation 12 lead
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chest pain) which may be used as part of the algorithm
in the analysis neans. The clinical performance of any
set of diagnostic tools depends on the statistica
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myocardial infarction (STEMI) or non-ST segment elevation myocardial infarction

(NSTEMI) based on ECG and biochemical criteria, i.e., cTnT > 0.05ng/ml.

Unstable angina (UA) was diagnosed when there was acute chest pain without

30  myocardial necrosis (i.c.. no elevation of ¢TnT), but with clinical evidence of reduced
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ECG The end point was di scharge di agnosis of ACS
(STEM, NSTEM or UA) or Non |Ischem c Chest Pain
(NICP), as a neasure of short termrisk at
presentation. Patients who arrived at the Emergency
Department (ED) with clinical signs and synptons of
possible ACS within 3 hours from synptom onset were

enrpbbghiosfhl patients S5 had a 12 | ead ECG ap@ngs2004/014412
bl ood sanple collected within 1-2 hours of arrival to

the ED. IMA and cTnT (Roche D agnosti cs esti

i b R ERESRrES THE B A o on
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and non-ischem c chest pain (NNCP) were determn ned
accordilng tBIA#eci tuti onal guidelines based upon the
ESC/ACC criteria for diagnosis of AM and the ACC AHA
gui del iZnes Treporili By¢6si s of unstabl e angina. STEM
NSTEM, and UA were consi dered di agnoses of high risk.
A di agn3oS| sEGF aRICP was consi der ed | ow r| sk. 25

Di agnosi s of acute ocar dj aI rct

15confirrfed i Forpeett “8?‘?“%??"& %"fsﬁ I\%)[A\L,J\gﬁe fglgine
cTnT cut of ftabiks)0. 05 ng/ nL. AM vvas | abel ed as ST
el evation nyocardial infarction (STEM) or non-ST
segnments. el egahbigonyOBEE dhdIMA rifleapted pORCG (BNSTENE Jthe following
based on E 2 d biochem cal criteria, i.e., cTnT >
0.05ng/ M . Unstabl e angina (UA) was di agnosed when

there V@as a&ombma%gt? SEdeAlg Hﬁﬂoﬁ%%ﬁene@@as@@@@ Freh @ the following

necrosis (i el evat | but with
20cl i ni cal evtableﬁr)ce of reduced 21 WO 200411031 50

PCTI US2004/ 014412
7. Combination of ECG and troponin T and IMA (denoted as ECG & TnT &

IMA in the following tables)

Results of IMA, ECG, and ¢TnT were analyzed for clinical sensitivity, s pecificity,

positive predictive value (PPV), and negative predictive value (NPV), alone and in

25  combination. The 2 and 3 test combinations of IMA, ECG, and ¢TnT were considered
positive if any one of the tests was positive, and negative if all were negative. Performance

estimates were compared using McNemar’s test for correlated proportions and confidence
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test is shown for the total population of 131 acute
ECG Alone
Total Total Grand %
STEMI NSTEMI UA +ve ACS -ve ACS Totals 95% ClI
PPV 89.4%
ECG #+ve 19 13 27 59 7 66 29 4.95 8
NPV 49.3%
ECG -ve 1 13 58 72 70 142 40.8.57 8
Total 20 26 85 131 77 208
Sensitivily | Sensitivity | Sensitivity | Sensitivity Specificity
95.0% 50.0% 31.8% 45.0% 90.0%
95% Cl | 756.1-99.9 | 29.9-70.1 | 22.1-42.8 | 36.3-54.0 | 82.2-963
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coronary syndronme (ACS) patients and also for the 20

ST elevation M (STEM) patients, the 5 26 non-ST

El evation M (NSTEM) patients, and the 85 unstable

angi na patients. Specificity estimtes are based upon

77 patients diagnosed with non-ischem c chest pain

gNI CP). IE the tgbl es beI ow "+ve" is an abbreviation
owoﬁggiﬂ M(e and "-ve" is an abbreviation f 3
"negative". | MA Alone STEM NSTEM UA Tot al T]g{”a[ismmmmn
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29 NPV 59. 3% 45, 7 71 9 TolrliaﬂAloBé) 26 85 131 77 208

noi t.1 IR RV} CA

SRSH-TY o€ IDILIVI Sen O | d %,
Sgem fici$TEM % GSTERMIO 90 B% nya%% %@5%%560. @02 cl
36—1—80+9 4828576239516 74 0-187. 9 34.1-57. 2| prldeaw
Al ormevSTEMe NSTEM7 UA Total | Tot?l G and' % pvé’ AQS84.0-809
AES—TFotats—95%C—EdG Fve 913 27 59 /7 60| PPV SPul4p.0%

DT4--95(6 1ECQ. -ve 1 [I3 B8 |2 7 140 NBY 49| 398" | s47-495
U~ ftftaft’.' 8 fotHl éé) 20 8y 13T 44 Z0p Semsi U Vedsy

BASHEYHEY —Sersitiy SETSTET YLy LLTEity P5. 0%
. 1580AAS 5?@? 1o 3%7(;;;% y \{% %&%?«E@&za. 00701
. %».'qifz,;ﬁ 9’, ?'?ﬁs-@z.as20;51§.@ 313.439 72 o¥¥D163Q0¢/ 103150

TNO WS
J
S
>
w

T T OO0Z U U7 UJ. =512

TnT and IMA in Combination (either positive is +ve, hoth negative is —ve)

Total Total Grand %
STEMI | NSTEMI UA e ACS | -wveACS | Totals | 95%Cl
.39
Either+ve| 15 25 78 118 43 161 | FPVTa3%
NPV 72.3%
Both -ve 5 1 7 13 34 47 57 4-84.4
Total 20 28 85 131 77 208
Sensifivity | Sensitivity | Sensitlvity Sensitivity Specificity
75.0% 86.2% 91.8% 90.1% 44 2%
95% ClI 50.0-91.3 | 80.4-00.0 | 83.8-96.6 | 83.5-94.6 32.8-55.9

ECG and IMA In Combination {sither positive is +ve, both negative is —ve)

Total Total Grand Yo
STEMI | NSTEMI |  UA weACS | -veACS | Totals | 95% 0

PPV 73.3%

Either +ve 20 21 80 121 44 165 65.9.70. g

NPV 76.7%

Both -ve 0 5 5 10 33 43 61.4-88.2

Total 20 26 85 131 77 208
Sensitivity | Sensitivity | Sensitivity | Sensitivity Specificity
100% 80.8% 94.1% 92.4% 42.9%

95% Cl 83.2-100.0 | 60.6-93.4 | 86,8-88.1 | 86.4-96.3 31.6-54.6
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TnT Al one STEM NSTEM UA Tot al

+ve ACS -ve ACS Total s 95% PPV 96.
1 27 81.0-99.9 TnT-ve 14 9 82 105 76 181 NPV 42. 0%

34.7-49.5 Tot al

Tot al
3%

G and

% /

20 26 85 131 77 208 Sensitivity

a

TnT+ve 6 17 3 26

Sensitivity Sensitivity Sensitivity specificity 30.0%

65. 4% 3. 5% 19. 8% 98. 7%

95% C 11.9-54.3 44.3-82.8

0. Ywolfofiodr3e 4-27. 7 93.0-100.0 TnT and | MA i N perysaooe/14412
both negative is

Conbi nation (either

pOSItIVG is +ve,

-ve) Total Total Grand % STEM NSTEM UA +ve ACS -ve
ACS Tot al %ngr@‘lgrm CP BMna?gh (&%.)r @sﬁ:ﬁ@ﬁb’%oﬂﬁeg&ﬁe ié8vell18 43
11 65.8-79._9 re—5—1 7133447
5[ 4- 84} 4stelmt aIst@wzs aa\ 131 JRL20B |1|$gfr§y o
Sensiti if}]J___Se Qlfl\ll y Sen‘ltlev:Ly Sgec_lll ILy 7 r\n/}:l
OFen29d].. 8% 90| 19%#4. P36 20059 Cles50. b- 915 3 8p. 4799] Goarr
8R.8-9616 836 94-63P8-55.|9-FC5ape—HvA—ih
Cpehi iafi on (e ther ppsidsi ve i ss2+vel bd®h negast veNfE,,Vg%sz%
- e —NSFEM—UA-Total—fFot "_I & aI‘I S+ STENM-—Fye—ACS] -Vle -
A ] Q2Q3'~_\0 d 26 ppyy/ 781; 3 Eifherlyve ‘go 2 ég\é 101 44
1 Sepgitidy jtivi itivi nsut eqific]
. o W‘Tﬁ é%s tinsiy b Ssedfciyo33 43
{2 Tot al 26 0] 3} %§|t|V|ty
S 75.49% L 894 P3A 1 84 RBRd 1 Lo W IS0
ECG and TnT and IMA in Combination {any positive is +ve, all negative is —ve)
Total Total Grand %
STEMI | NSTEMI | UA weACS | e ACS | Totals | 95%Cl
PPV 73.5%
Any tve 20 25 80 125 45 170 66.2-80.0
NPV 84.2%
All -ve 0 1 5 6 32 38 58.7.64 0
Total 20 26 85 131 77 208
Sensitivity | Sensitivity | Sensitivity | Sensitivity Specificity
100% 96.2% 94.1% 95.4% 41.6%
95% Cl 83.2-100.0 | 80.4-99.9 | 86.8-98.1 | 90.3-88.3 30.4-53.4

The sensitivities of presentation IMA, cToT, ECG and ¢ ombinations of these fests

were corpared for statistically significant differences. Figure 5 illustrates the sensitivity of
IMA alone and in conjunction with ECG and ¢TnT. IMA at presentation identified 107 of
131 ACS patients (82%, 95% Confidence Interval (CI) 74-88, compared to 59 of 131 (45%,
C136-54) by admission ECG and 26 of 131 (20%, CI 13-28) by admission cTaT. When IMA
was nsed with ECG, the sensitivity increased to 92% (CI 86-96) and this was similar to that
of IMA. used with ¢TnT, 90% (CI 84-95). Sensitivity of the three tests combined was 95%
(CI 90-98), which was significantly greater than that of IMA and ¢TnT combined (p=0.02)
and statistically equivalent to the sensitivity of IMA and ECG combined {p=0.13). When
ECG and cTnT were used, as per standard practice, 53% (CI 44%-62%) of patients with chest

pain of ischemic origin wete identified.

Logistic regression was used to construct predictive models for final diagnosis. IMA

and cTnT were treated as quantitative and ECG as qualitative. The arca under the Receiver

Operator Characteristic (ROC) curve was evaluated for each model’s ability to discriminate
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100% 80. 8% 94. 1% 92. 4% 42. 9% 95% C 83.2-100.0
60.6-93.4 86.8-98.1 86.4-96.3 31.6-54.6 24 WO

2004/ 103150 PCT/ US2004/ 014412 ECG and TnT in
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ACS Totals 95% Cl Either+ve 19 21 29 69 8 77 PPV

89 vaeBH181s95. 4 Both -ve 1 5 56 62 69 131 NR¢TAR20014412
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SeﬁbP%PWI’W%@PItlwty Specificity 100% 96. 2% 94. 1%
95.4% 41.6% 95% C 83.2-100.0 80.4-99.9 86.8-98.1
90.3-98. 3 30.4-53.4 The sens#9%iti es of presentation

MA, c¢TnT, ECG a t t

Comnle st ) i bl e
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| n dUﬁFlemctl on wizdH ECG and®@FhT. "KM at pre%%sn(f’ A9 Gh

i denddcfdigd 107 okam 131 ACsogmat i enEsG(82% 9666(0.61-0.75)
Confidence Interyal, (C) 74z conpared to 98 Pisda
(459%™ X "° 36- 54) gl’s adm ssi oﬁ’%]zce gﬁ‘ 26 of 131 6200/%L
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The parameteis from the logistic rogression analysis were used to construct curves of

the probability of ACS, p[ACS], vs IMA value, cTnT value, and the two combined.

10 Figure 7 shows p[ACS] vs IMA, with the 95" percentile upper limit of normal cutoff
shown as a vertical line. This indicates that IMA values higher than 100 are strongly
suggestive of ACS (for example, p[ACS}>80% for [IMAJ>110 U/mL), and IMA values less
than 70 are strongly suggestive of no ACS (e.g.: p[ACS]<35% for [IMA]<70 U/mL).

Figure 8 shows the probability of ACS with different values of c¢TnT. This
15 demonstates that any elevation of cTnT above the cutoff of 0.05ng/mL is highly significant
for ACS (e.g.: p[ACS]>86% for [cTnT]>0.1 ng/mL}. However, consistent with the published

literature, the data also show that a negative cTnT has no value for rule out, since the p[ACS]

is still 0.5 for [cTnT]=0.

Figure 9 shows a family of curves of p[ACS] vs [IMA] for different values of [¢TnT],

20  with a vertical line at the ACB Test value of 85 — the 95" percentile of the upper limit of
normal. These curves demonstrate that the major clinical value of IMA is in patients where
¢[TnT] is zero — which, of course, is the majority of patients at presentation. However, IMA

may be helpful in resolving cases with low values of [¢TnT] near the cutoff of 0.05ng /mL.
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(p=0.13). When ECG and cTnT were used, as per
standard practice, 53% (Cl 44% 62% of patients with
chest pain of ischemc origin were identified.
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ECGs (ie. left bundle branch block, paced thythm, extensive pathological Q waves, and/or
persistent ST-segment elevation following previous AMI) were considered to be “negative”

in this study.

25 Institutional discharge diagnosis of ST-elevation AMI (STEMI), non ST-elevation AMI
(NSTEMI), unstable angina (UA), and non-ischemic chest pain (NICP) were determined
according to institutional guidelines based upon the ESC/ACC criteria for diagnosis of AMI
and the ACC/ATIA guidelines for diagnosis of unstable angina. STEMI, NSTEMI, and UA

were considered diagnoses of high risk. A diagnosis of NICP was considered low risk.
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maj ority of patients at presentation. Howeve
na@JSHEMﬂ\)éilaf?ﬂQP (' apdchioshenieplcreieriods. ShPT R 00 Wal ues of
[cTnT] near the cutoff of 0.05n 26 WO
52004/ 18318 meieE20 0 Glagaopsd Wg%’rthé’i?a‘ﬁ%ﬁl qeute jofiest pain without
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e o0 an < .
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St toatnafyiacgbdgraphy.of Chest Pain Pat| ents This study was
designed to investigate the performance of | MA ECG
and t r Opolmirge dagndsis af AGTintleiepAbS emit@d.i on for early risk
stratification of patients with chest pain suggestive
10 of caﬁ’@tieaﬁs wathidgéumentiheonshudidy cavass of @ hdsbpairethdion nermiloggronary
aﬂ@&e&e%s@@d'a?%&ﬁﬂ&% Akt fo peteyred for rest
nyocar

perfusion | magi ng on presentation.

The i nit‘Bt lﬂst QRls SisSohar gi%red haﬁlglﬁé}éd %05@5%%(1( bn & preHously
measure of short termris

et ened Norad Brpae s . AhACPIbET TRl SSut R ragg e taken

Wewghikly Bos g pespefidnivielayen ad Dpdfitle A6BAy2d at one of two
core |l aboratories with the ACB Test and cardi ac
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An&&ﬂ licesP LARH 3dﬁome' MR RK N wRN BLdIOM 2 {5&&% kBhoSl foPthe data
of the nyocardial pérfusion agent. of these bl ood
dréaiEsitver e consistent with the timng of blood taken
in 15 Study #1 which was while the patient was still

201 RS or within 3 hours of feeling pain. IMA was
measured by the Al bum n Cobalt Binding Test (ACB(r)
Test) Datatwees Robbed fQubpatieont RARIYA atF_eiSicalDiplgsitah Slayples were
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posttive if any one of the tests was positive, and negative if all were negative.
The “gold standard” was the discharge diagnosis of ACS.

The data were analyzed (in the same manner as in Study #1 described above for seven

cases as listed below and illustrated in the tables on the following pages:
30 1. IMA alone
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ECGs (i.e. left bundl e branch bl ock, paced rhythm

ext ensi ve pat hol ogi cal Q waves, and/or persistent
ST-segnment el evation foll owi ng previous AM) were
considered to be "negative" in this study. 25
Institutional discharge diagnosis of ST-el evation AM
(STEM), non ST-elevation AM (NSTEM), unstable
angi§agiAlse and non-ischemc chest pain (N GRru@bBnissiz
determned according to institutional guidelines

based :zoon t he ESC/ ACC criteria for diagnosis of AM

and th ‘I‘?}@I i nes for diagnosis of unstable

angi na.. STEM, NSTEM, and UA were considered

di agnoses of¢ Q%P]@FF risk. A diagnosis of NICP was

consi dered |ow. risk. 27 WO 2004/10315
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myocar di al fﬁ‘é@iﬁo& s (i.e.: no elevation of cTnT), but
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angi ography. Discharge diagnosis of ACS includes AM

and UA. 10 Pati ents w t h domwwmBished non-cardi ac causes

of [chest[pain_ ap nprmal cpraaar Y| argd o0 a@gyd TWer &,
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ng/ - T any brood draw IE@&ERIO thim 3 nours of

nc—_en_i- At 1 o~N WaS LGILI'\I') as—a nno| RV tronnn for th
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Total 1 5 8 14 185 199
Sensitivity | Sensttivity | Sensitivity | Sensivity Specificity
100.0% 40.0% 0.0% 21.4% 93.0%

95% Ci | 2.5-100.0 | 5.3-85.3 | 0.0-36.9 4.7-50.8 88.3-96.2
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total of 199 patients. Results of IMA ECG and cTnT

were anal yzed for clinical sensitivity, specificity,

positive predictive value (PPV), and negative

predictive value (NPV), alone and 25 in conbi nati on.

The 2 and 3 test conbinations of | MA, ECG and cTnT

were considered positive if any one of the tests was

po%éhéé%ms?sﬂd negative if all were negative. Jdhego@9bhtar

standard” was the di scharge diagnosis of ACS. The data
were analyzed (in.the sane manner as in Study #1

descri bed above for seven Ta‘a&tbseas Iist ed bel ow and

i [Tustrated i nithe tapres ontt g 30,
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Condgnatli ony of |ECG ancftrsopolm Nyl (dencfed 45 HEG (&
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——c
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0
Sensi ti Vi gygmﬁeﬂ Sﬂ,éﬂEMll ty pgnsiftinetat y [ Spaasif i di Gynd 95% %
Q_Sensiitivityl0 0% 80, 0% 100, Qo8 |7 998, Jodotals 95% Ci
0 ﬂﬁéﬂve\k 28, 4 99. % 63]1-100.0 57, 2- 5?8. 21228. g- 4@5 0| PEC®.4%
one 5.8-16.8
i NPV 100.0%
Both -ve 0 0 0 v 64 a4 94.4-100.0
Total 1 5 8 14 185 199
Sensitiviiy Sensitivity | Sensitivity | Sensitivity | Specificity
100.0% 100.0% 100.0% 100.0% 34.6%

85% CI | 2.5-100.0 | 47.8-100.0 | 63.1-100.0 | 76.8-100.0 | 27.8-41.9

ECG and IMA in Combination (either positive is +ve, both negative is —ve)
Total Total Grand %
STEMI NSTEMI UA +ve ACS ~ve ACS Totals 95% ClI
Either +v 1 PPV 10.3%
ither +ve 5 8 14 122 136 = 7167
Both -v 0 NPV 100%
o e 0 o 0 63 63 94.3-100.0
Total 1 5 8 14 185 198
Sensitivity | Sensitivity | Sensitivity | Sensitivity | Specificity
100% 100.0% 100.0% 100.0% 34.1%
95% Ci 2.5-100 | 28.4-99.5 | 63.1-100 | 76.8-100.0 27.3-41.4
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STEM NSTEM UA Tot al
Totals 95% C ECG+ve 1 2 0 3 13 16 PPV 18.8% 4.0-45.6
ECG -ve 0 3 8 11 172 183 NPV 94. 0%
5 8 14 185 199 Sensitivity Sensitivity Sensitivity

Sensitivity Specificity

Tot al

G and %

89.5-97.0 Total

+ve ACS -ve ACS

1

100. 0% 40. 0% 0. 0% 21. 4% 93. 0%

95% A 2.5-100.0 5.3-85.3 0.0-36.9 4.7-50.8 88.3-96.2
15waPaobddos P 2004/ 103150 PCT/ US2004/ 014412  BaTioAbione 412

STEM

Totals 95%

T NSTEM UA Tot al

Tot al

G and

%

+ve ACS -ve ACS

TnT+ve 1 5 1 7.2 9 PPV 77.8%A40-0-97 2

1 TrEREendTHr iF CombatichgSitHePpodie/e 394\@2h@h d&elve Fotvel

—1851P9 Sensitivit ST VI SenSdak VI LY o
i BIEMSpeMBTEM it y UA100). E\F@AJ;QO. 0% Acx 5Porhilis 0% 95% Cl
§ P 5- 1000 47-8- 100 0. B-52Z. 7 Z25. O- /7] fbv31.8%
. 19 TnT Bnd®I MY i n' Cofrbi nt i oh (EPt hef ADsi | i19.8549
i[5 Fve, [pboth nggativeg 1S _-veég)  Tota Tofal & and Papves.oonw
qrEM vNGTEM  UA +9e ACS Te ACS fotal s §8% g Eth hraoess
(13 578 14 12T 1IB5 PPV [10. 4% |5.816. Bath FvesesO D 0 O
§enJ§ih’v\1'{§r Jggngt?\bl'tyL*_S‘bh}s'l{ivi@ SQL,Hsﬁtfi’iky L Slﬁec!?tsicit;!'4 185 199
100.0% | 100.0% | 12.5% 50.0% 91.9%
95% Cl | 2.5-100 |47.8-100.0 | 0.3-52.7 | 23.0-770 | 87.0-954
ECG and TnT and IMA in Combination (any positive is +ve, all negative is —ve})
Total Total Grand %
STEMI | NSTEMI UA e ACS | -veACS | Totals | 95%Cl
Any +ve 1 5 8 14 124 138 | PEV10.1%
All -ve 0 0 0 0 61 g1 |y 100-0%
Total 1 5 8 14 185 199
) Sensitivity | Sensitivity | Sensitivity | Sensifivity | Specificity
100% 100.0% | 100.0% | 100.0% 33.0%
95% Cl | 2.5-100.0 | 47.8-100.0 | 63.1-100.0 | 76.8-100.0 | 26.3-40.3

Logistic regression was used to construct a predictive model for final diagnosis using

IMA as a quantitative variable. The ROC curve is shown in Figure 10, and the area under the

ROC curve is 0.68 (95% CI 0.53-0.84), whichis equivalent to that found in the previous

study, above.

This study showed that in a population of patients with chest pain suggestive of

cardiac origin with low prevalence of ACS, IMA showed equivalent sensitivity, and

specificity, but higher negative predictive value, to that shown in the previous study.

The sensilivity of presentation IMA for A CS (85.7%) is much greater than that of

TnT (50%). The combination of IMA and TnT results in no false negatives and 100%

negative predictive value.

The use of IMA and ¢TnT in combination shows 100% sensitivity and identifies more

patients with ACS, which will drive earlier therapy.

Based on the examples described above, it is clear that the combination of ECG with a

marker of ischemia such as IMA, and optionally another in vitro diagnostic test such as a
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Sensitivity Sensitivity Sensitivity Sensitivity
Specificity 100.0% 100. 0% 100. 0% 100. 0% 34. 6% 95% ClI
2.5-100.0 47.8-100.0 63.1-100.0 76.8-100.0 27.8-41.9

ECG and I MA in Conbination (either positive is +ve,

both negative is -ve) | UA Total Total Grand % STEM
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14 i@ Zo0d88:s°PV 10.3% 5.7-16.7 Both-ve 0 0 O fcBd203/014412
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10.
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Any +ve All -ve 0 0 0 0 61 61 NPV 100.0% 94.1-100.0
Total 1 5 8 14 185 199 Sensitivity Sensitivity .
Sensitivity Sensitivity Specificity 100% 100.0%
100. 0% 100. 0% 33.0% 95% C 2.5-100.0 47.8-100.0
63.1-100.0 76.8-100.0 26.3-40.3 Logistic regression
was used to construct a predictive nodel for final
di agnosis using |IMA as a quantitative variable. The
WHRO®: dairMss i s shown in Figure 10, and the area tinder
~ the ROC curve is 0.68 (95% C 0.53-0.84), which i s
equi val ent to that found in the previous 5 st ud(}{,_
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patient 10 a Mem

ass:

i storing a clinical outcome of the patient into the memory means;
2) comparing assay and ECG results in the memory with the clinical outcome;
h) modifying the algorithm in response to the comparison to provide improved

diagnosis or risk stratification; and

i) repeating steps (a) - (h) with a plurality of patients whereby an improved
algorithm is provided.
4. The method of claim 1, wherein the clinical event is an acute myocardial infarction.
3. The method of claim 1 wherein the clinical event is stable angina.
6. The method of claim 1 wherein the clinical event is unstable angina.

33




What we claimis: 1. A nethod for diagnosis of a
clinical condition in a patient, said clinica
condition selected fromthe group consisting of acute
cardiac ischema (ACl), acute coronary syndrome (ACS)
or unstable angina (UA), or for risk stratification
of a patient possibly with the condition, conprising
the steps of: a) obtaining fromthe patient at |east
one sanple of a substance stream which has been in
7. CONGACT Wb & cRind | $BYUEN HSRRES ShnPls :URASF LR AhdIR.
cllnlcaf condition; b) conducting at least "a first in
vitro diagnostic assay on the sanple for al bum n that

8. has ThegbnsdicliRd, Wherdxme §&Hit§‘onEIQn bﬁr@;hﬂ@&stlé hSSHUE a@!&ﬁay for a
op tlonall¥ addltlonal invitro Qﬁ%gﬁ%?gssaé )
neqrsIRATKSR Floekrd 49w (e SroRp CORRSHAG P t&mﬂ% P‘a@r am
(ECG; and d) applying an algorlthn1to conblne t he
res f the. ass s) of ste
- o ot BeBea st B TR e RS af v BAShat By nap pigey for B
qmahﬂﬂm@ﬁqﬁp@ﬁsBNPMﬁaabdmegabkﬂﬁmdlagn05|s or risk
stratification of the clinical condition. 2. The
nmet hod of claim 1l where the substance streamis
10.sel &hd melhdd afriatn &, wresimpthe adigiopdliimgizro dfagnstid assayliandhssay for C
I , saliva, urine, feces, senen, nucus,
Re?cgveuﬂbte r @g?ﬂ, or sweat. 3. The nethod of claim1l
further conprising, the steps of. e) storing the

11.f estxﬂlé ﬁet §d mﬁanﬂqsgyecaa e ra%mq&l&epréme@mﬁmm%n&% BfGited

res tient in a nenory nmeans; f) storing
nslast@nﬁqﬂlmf 50 é&ﬁe Yt it theEQEt walmtl@l dipguostis ot 4 Least one of
the FER B difitd alG@HQQﬁd JgitiaS3 BWied fladablic g it Soshie.t he

menory wth the clinical outcone; h) nodi fyi ng the

algorlthn1|n response to the conparison to provide
12.1 MRV RsthodbfAMMA ] Fh&éin ileSdddiSibiadl $ilr6 alaln@Btic AN id dn assay for

repeati ng gteps (a) - (h) with a plurality of patients

adefiprinedi GXPLFR ?ﬁﬁ?oved algorithmis provided. 4. The

met hod of cIa|n11 wherein the clinical event is an
acute rdi al ar.ct.i on. The net hod
13, RS e 1 BhRGG t cied b 4y 51626 Tl droup
conS®titpoof of albirsin nobalbiediag GACE®) ¢dsi, i cddctreshemnitali test for ischemia
mo# ﬁl : ﬁl ?n pg%aé tetst Ib%l‘ 1schemt}3em£[§ gri%n (iajbru%]fin %J] ?zlu“ﬁt&)as fonT_LsEhemla
modiﬁbchedbhlmﬁ aoll ainetallgffinityessey fortdqhaenadmpilﬁcﬂmbumlm VI tro

di agnostic assay is an assay for a necrosis marker

sel ected fromthe group consisting of troponin, CK-M
14. andTimpogghadleif plaim 1, wherein the algorithm provides a negative diagnosis or indication

of lower risk of ACS, ACI or UA if the ECG is either non-diagnostic or normal, and the

modified albumin assay result is negative.
15. The method of claim 1, wherein the algorithm provides a negative diagnosis or indication

of lower risk of ACS, ACI or UA if the ECG is either non-diagnostic or normal, and a majority of

the modified albumin and additional in vitro assay results are negative.
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9. The nethod of claim1l, wherein the additional in
vitro diagnostic assay is an assay for B- type :
natriuretic peptide (BNP) or associated nol ecul es. 10.
The nethod of claim1, wherein the additional in vitro
di agnostic assay is an assay for C Reactive Protein
(CRP). 11. The nethod of claim1l1l, wherein the
al gorithm provi des a positive diagnosis or el evated
167 i sKhe topeghtod faf cheim $n whrein(8e aluorithoy proyidést for Ao fliggnosis or
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addjtienghigirrocasys & jhe maskep gEneptogia is negativersnd thegn pigng agy £ glogified
albhminé@ive. t he additional in vitro diagnostic assay is
an assay for adenosine in expired breath. 13. The
met hod of claim 1, wherein the nodified al bum n assay
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alb Sitiv 17. The et hod of ai.m 1 o s
21 o ra e Sk o i o eE e arSLE Ak siriGiegion of
a phtiedi wis suepectedACR c@h@ﬁsuﬂg thkstefs oACS, ACI or UAif the
Elcg S pc())b%zlmtnhvg leias one fﬂoof E’lascil 19 S‘Q:le ai‘i'othngtg ClgIIngISZSS is
posb} i vecond@ting Iaelea@tdn@dn o’ftrocﬂlagmstm asfayr fohelbumin that has been

moﬁ%g&)H %%legs%re t§ ?sgﬁe é 2 e;)Jnd ?g lgefgl.sor(ez’) B% %a%{%l ; assk HQ& a marker of

lmqnﬂﬂNWhﬁwﬂmhﬁreby |nfornat|on about the patient's

st aI: US gﬁd gﬂéi% T% ﬁlghe tenld elgéﬁ%cagélbé%tﬁ ?c@)omi t i on

can be 0 taln hod of claim1 wher ei n

t hed) nf ofombiningr{hg resulim ofthe psyay@s) of siep (B} anditheiCGE imrsirp () @ping an
alg@fthm t0$rovRE Iﬂ%sﬁ\ffe &1 RlAivd Giaghi o8 AR St ndidalidt Stethe risk that the

condltlon i s ACS, and wherein the
patient has ACS.

22. The method of claim 21, wherein the diagnosis of ACS includes at least one diagnosis
selected from the group consisting of acute myocardial infarction, unstable angina, stable angina

and cardiac ischemia.
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information is an estimated tinme of onset or severity
of acute nyocardial infarction or unstable angina.
21. A nmethod for diagnosis of an acute coronary
syndrone (ACS) or for risk stratification of a
patient wth suspected ACS, conprising the steps of:
a) obtaining at | east one blood fraction sanple from
the patient; b) conducting at least one in vitro

23di adhoseibed g6 clain 2lorwhatelnuie marken for mgaodieisrselegiod frpmetbe group

cofeiEX RS, CR-MBGRERSdpissue and at |east one in
vitro diagnostic assay for a marker of necrosis on
the sanple; c) neasuring and anal yzing the patient's

242l eqhd RE@SHHRUIR M (Fin 1R raqiaggasu@ 9&5@ 10 ﬁgdlhélﬁalﬁlﬁﬁbl hst Blected
of the assay(s) of

Frogisth groam congiesr 9f taihwnfrbcqbﬁla@ﬂe@g &AS%@? feFtv%“ slPCW%lg%&twab fest for
ischtng Mogitisd Abunf,Sn@ptidal fbstCot iséiemef médifedalbakaid, BRinhi®assay for

atlen T met hod of, cl ai m. wher ei n
ischogia HP%EH@@?@W%'&% i i G Arsa eI ol &
sel ected fromthe group conS|st|ng of acute nyocardi a
25. Icgf' gf:l IRIS% hogm aém %5 arslr%a'g'nm pr vgfe? rﬁc]%%gv’e diagnosis or
mdwlamneaf oveeh e snefrAE if fhe rEGGem lemlsar sor-diagnedtie of Ecdmélh; anh redolls of the

ass%&gygﬁlar%g&?hgcgdsﬂgné){he E!sg)pzf%mh mﬁg%ﬁ%@?@ﬁi é\l@g g% 6\2(%0: 2

assay for nodified albumn is selected fromthe group

26.CONghShéda o‘?f:la{i‘ﬁ Plu %E}eﬁ %Qailéom R 1o Ak s Q%@?t(xfe)dla c%&

' el ectrochem cal i'schem a nod bum n
indigatiqpee higher g thelEi0 s gomehiraomguET s pad P o g O e i vitro

diabABRBSSRY mb@fied difmlAEMdand R Hedol Bdndili 4R foramr@%fqiemms
affinity assay for ischema nodified al bumn. 25. The

areREERsd of claim 21, wherein the aIgorlthn1prOV|des a
negative di agnosis or indication of Iower risk of ACS

E ei t her non-di agnasti c or nor nal
Ty esﬁf"c @e‘g% Pﬁ@a‘ma%]s Agperegy ¢ a??ﬁ’ﬁ‘ B PrgYidsider 6§’P§“‘é?n‘ga$’ﬂ%3 or
md&S@@)bf fx@ﬁerhﬁlelf MR ie foradikpabatia oﬁﬁ(ﬁmﬁlelgabd VWitPo asgdy.for Bliarker of

hod of claim2l, wherein or.i thm provi des a

e TG PN L LS TR ST TR TG 1 ki1

the ECGis normal or non- dlagnostlc and at | east one
28.0f li’l!i] {1]103, % c?almdila v::rse:'ﬁlI ‘Ehe ;ﬁ p%wdg? % ;Asﬁl(ée diagnosis or

al bum ro di %s I C "fassays
indivatideef hxgher mlelcxf deﬁlG mpesxtpmsnct atVest ofigof tlehte vitetadsegs ig positive.

claim 21, wherein the algorithmprovides for a

positive diagnosis or indication of higher risk if
29.t heTlEC®ethed nbwlabi Adniwthérceamprisiog mepetitionhed steps ik prgl (b) and/or
rep @R 6r LS (o BN oy ObpetifIGHITARD R0 ShAE bl SiB Gochl phebur's

vitro assay mn s pOSI
status within a time course of the ACS can be obtamed

30. The method of claim 29, wherein the information is the onset of the occurrence of the

ACS.

31. The method of claim 29, wherein the information is the severity of the ACS.
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28. The nmethod of claim 21, wherein the algorithm
provi des a positive diagnosis or indication of higher
risk if the ECGis positive and at | east one of the in
vitro assays is positive. 29. The nethod of claim 21,
further conprising repetition of steps (a) and (b)
and/ or repetition of step (c), followed by repetition
of step (d), whereby information about a patient's
32.5t atgppdatis for diagrosis of 8 skinieal spnditina onEsimeting e probability of the
preRb ¥R bondion iF BatERl B3fhrRfagC| ai m 29, wherei n t he
information is the onset of the occurrence of the
ACSan glectropisempcnbpsigs cemprisings dispipe petng: ¢ Wata entry and control

mehddf @BLd QP rﬂe§suhﬁ§ a® @M&chir}eho@nfamt BEGHAGR: apettire c3Kaididg aABader
apparatus for diagnosis of linical condition

or
meghst I ARelyTiymEaRR! ) CP?WI%W]% the datp ety apd eonfspl megps, the ECG

me@RNgHdt thdRkaden I@axma{avh@my, saﬁ&ﬁﬂyshﬁhﬁgs caAMnllyRCHgnall ifdm each said
nodul e housi

n si.n

el ST R F GrtoBs O S bR P PR P fongpseom:

el eah¢reia azid iap):gm&rm @cﬁﬁﬂi 1o amawmsahmremdwm aufinfon gorgiucting an in
v:zrg Odﬁ %sblc f'issawr{ %pz?ﬁralt gm%él% 02 %{Efbas%ce trg%%;ft L OI .Jalg ‘%ader is %l(ﬁigted to
nmEﬁﬁmmmé&mhﬁ&and t he reader neans, whereby sald

ana ' I [

Lv){e%bgr ﬁ@%@@g%@g‘% sﬁfélgls sftlo?P%LleF(F 1%3&@' it said cﬂta entry and

coduabmms om9 upyn inesetfsintofisaifl aifip ruirffatsalda ppestyr@t &mi S§if e¢aé¢rrmeans and
a1§§1a@z§%5ﬁs%aﬁsﬂn§ aRdlGHRl RduilsQo LRLRIKS nRa@TP! € anal ysi s

stri'p for conducting an in vitro diagnostic assay on

a patient sanple of a substance stream and said

33.0 ea‘ﬂﬁ‘erapba%atﬁéj&maﬁg 33, QhefeRAKk feRBMhdaRs Qfmpsigdsdt BB ircader device
wher eby sai d_anal yzer receiyves S|gnals from sai EEG
s ﬁl(]) Assay

capaile ﬂ%re%ﬂ%g resplts) objast aasa@ﬁ?rr«/mﬁh% of isfia PRcir £pray reg

forla AEBdef 6fQ8crBiis SrahesasipleiaBali s sipsai d aperture, from said
reader neans, and said analyzer neans transnits
anal yzed results to said display neans. 33. The

34.ap p'llllieaiprSramﬁ oE cRinB 3 2yherdie 6d linkt fea lbadery ﬁiEhHsﬁltal information
co | east one reade

syl O b SubE 7 s Sl cBREn o s gk ne

a wirtlddsdihk.assay results of an assay for a marker of
necrosis on the sanple analysis strip. 34. The
apparatus of claim 32, wherein said |link to a
| aboratory or hospital information systemis selected
fromthe group consisting of a direct electrica
connection, an infrared link and a wireless link. 37
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