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2. Background.
Atherosclerosis is the most common cause of ischemic heart disease. When considered

separately, stroke is the third leading cause of death, with the vast majority of strokes being the
result of ischemic events. However, arteriosclerosis is a quite common inflammatory response,
and atherosclerosis without thrombosis is in general a benign disease. Several studies indicate
that the plaque composition rather than the degree of stenosis is the key factor for predicting
vulnerability to rupture or thrombosis. Such thrombosis-prone or high-risk plaques are referred
to as “vulnerable” plaques.

Plaque rupture is triggered by mechanical events, but plaque vulnerability is due to

weakening of the fibrous cap, interplaque hemorrhage, and softening of plaque components,
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Also, the claims appended hereto are to be interpreted both to provide the broadest reasonable
scope, as well as to preserve their validity. Furthermore, if one or more of the statutory

requirements for pateiltability are amended or if the standards change for assessing whether a
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vascular plaque in a variety of animal, the methods will most frequently be used on humans.

Typically, the instant methods comprise computationally processing processable data

from at least one cross section (or portion thereof) of at least one blood vessel of a patient’s
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the data to one or more of statistical classifiers. Such classifiers can be developed using known
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thelnven;Etdd I tional F\ ct of the |gvent| on, as do business
oA & PPy ﬁ% eReFuLs i compptpgadableprogsenmgside.
%&Bu&ﬂdnﬁ@&st&ﬂ§bdiﬁfgﬁreﬂ%’ 8xRutefALH @&ﬁﬁgéﬁeada% é@g{ code
the nedical imaging stem a conpu
represent@é‘@ﬁ‘fi’é@ﬂ@cﬁsﬁﬁ ekibe inventions ag d@%umm‘ss neddia kfblampmmmmagsuch

d at
methods ftgfg%(alﬁfgrl% IA%I?r e\ée;{‘[ﬁ' ang{s?nocf%fs Of 8? @§ msr’na%eé tp?]
medical 1a1agmg[$u$tam1| and abl_npeﬂ@t grstelﬂhc}tﬁiﬁ(gﬁfeﬂ)to ELdTaNaHe Eérﬁ%lt@xq‘ééfﬂa@fe

rallt i C nters each of whi
Pf"gfams tl%eel§v H’é&rf‘c at??%ﬁ'gi grent/eeations aPaventlyf the computer
¢ e@ﬁl@@frﬁdé A |
e RS Mt OB AR A 0 5 s

centers, e[aﬂéoﬁ Weigh aempi s tenslicbimgngassen capubldaf gertefatingeaw data from
ons

which pr(&%ﬁ%yfegfa%lr%@be %%H% il Ié :pfaegvgeide ng %Enr.ﬁu%%rils,fag iﬁaetaﬂnp yf the imaging
centers camimphicstes faV\CdeM the c@d@.&ﬁ%al Een@f Q44 RlechREmRIRMSink.
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computer] nventi on wi I | becone evident upon reference to the

foll ow ng detail ed description and attached draw ngs
that represent certain preferred enbodi nents of the
i nvention, which drawi ngs can be summari zed as
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Figirewnis a flomahat thapshafvs an ohe@te&g@fes&v&qlblﬁhfeﬁaﬂ e@BodifrieBtdof the
inventions nas four panels, A-D. Panel A shows an MRl image
derived fromdata obtained using a Tl-weighted (T1 W

Figmealhat ¥wo PaRe, ABind 0 vEananA Min infRE S g8l M bH T %g?letic

obt ai ned
resonance data (in DICOM format) obtained from a commercial MRI instrument that shows the

illumination gradients from surface coils. Panel B represents the same image as shown in Panel
A after histogram equalization.

Figure 3 has four panels, A-D. Panel A shows an MRI image derived from data obtained
using a T1-weighted (T1W) modality. Panel B shows an MRI image derived from data obtained
using a T2-weighted (T2W) modality. Panel C shows aﬁ MRI image derived from data obtained



using a T2-weighted (T2W nodality. Panel C shows an
MRl i mage derived fromdata obtained 7 WO 2005/020790
weEans82004/ 027171 using a PD-wei ghted (PDW PoOuakio04027171

Panel D shows the results of nultinodal registration

of the in vivo TIW T2W and PDWinmages. Figure 4 is
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expert, but eferred ese 1 nmges, or
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model to (e BT LT GRE i ri2bie el ed el et the dat
used to géeeatdlinsdgen atitiothe @ost G5jective chitekib hbssMle ! f6h a;ﬁ&dlﬁﬁﬁforplﬁs‘i’%s
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different t%?glelt & Srr.] ’ Arste?rg)a?l rrllusscle (media, 565) is pink; adventitia (fascia or collagen, 570) is
bright yellow; thrombus (clotted blood, 575) is red; fibrous plaque (580) is pale yellow; lipid

(585) is white, and the vessel lumen (590) is black.



bright yellow, thronmbus (clotted blood, 575) is red;

fibrous plaque (580) is pale yellow, lipid (585) is
waoniose207amd t he vessel |unmen (590) is black. 8paNDUS2004/027171

2005/ 020790 PCT/ US2004/ 027171 Figure 6 has three

panel s, A-C, and presents another exanple of data

| abel i ng. Panel A shows a false color conposite MR

i mge (610) of a cross section of two arteries. MR
Figmeegfieh tree pakels) ARES @idgatedelitsaaothendxagtply @aeabbelMR Panel A
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T1W, and_T2Wo exsdasprebeddh epanciiomyeh (63@lse colonbedgedhawa imBigus! 5y Panel
t he i e in Panel D of Figur . _Figu 7, has
B shows { psiShalilel 9 e el 8 shofonsn ol G s BeliBad v (20
labeled anélopasis t6 the MR fiinage indtz@ef Do Fgufd gure 8 has two
panels, A and B, illustrating the performance of a )
Figprer/chas direepassts Akt andshoyrs mages grosgurdusing akemeans clustering
algorithmg’ ound truth (left portion of each panel). Figure 9
contains a table (Table A) and three graphs
Figunerfelrais tive gatelse Apadf Byrithasicing the gerforrame ef i ptedfateed embodiment

os measul agigt eled B Py (23 Rar B ehd Ranelue Tabi e A
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hel d oull_l of h? nodel devel opnent process. Figure 11
curves shpwa elsgy ‘EE\H}&W H8&%nd B, showing a |unen-centered
FikRN9HAs Rdd PReRf At(t‘fshow{}%% rfondTRE S a Ardfdttdd U Riment of the
) . Coordinates in Panel B. Thi's transformwas used to
inventionjomprloveueliy impge hald wahefghe motltialeyelopmetquomas. y ‘
. tion al gorithm, Figure 12 has two nel.s, A an
R 3 0af T btEls Bl SV Pe 23w S aliEng BRfRm dloR B e
image in Pdr@DAiiflorpolap €6drainaRs G:e Pael BMThay fefisforin wAsQf8d BR&lpr&RSthe
ce the tissue segnentation was perforned, pixels

On [
performangs, of ithe, grpsp houpdare detastion algerehweonponent s out si de t he
RSS2k LS4 pHELS ST R ARUALTA Bk SEapeon g
performanistonitwe drtbijal corsp agdtiogs.t Gace tht tissuokegmetgdtion wdsarebirh&l] pixels
. a | aque versus the nunber. of pixels within the wall.
spuriousty o 8 lach i iencii A3 i tref vl v e, egocies el
positives. 28%daitdn S queRSRAC: i@ leY cad bIsBtBindBby EMEarinB&he ratio of pixels
__ three-dinmensional of part of carotid artery, in the
classified jpg plagve wirsustiee number of pixels within the wall. In these examples, plaque

burdens are estimated to be 28% and 62%, respectively.

Figure 13 shows the three-dimensional of part of carotid artery, in the region of the
carotid bifurcation. In the model, the interior boundary of the arterial wall (1920) and hard
plaque (1930) within the vessel lumen (1940) is shown, while the exterior boundary of the artery
is not shown. Lipid (1910) between the interior surface (1920) and exterior surface of the artery

wall (not shown) is shown in red. The hard plaque in the model is colored beige.



carotid bifurcation. In the nodel, the interior
boundary of the arterial wall (1920) and hard pl aque

W@ 2®30)079 t hi n t he vessel |unmen (1940) is shownCT/ukiob4027171
the exterior boundary of the artery is not shown.
Li pid (1910) between the interior surface (1920) and
exterior surface of the artery wall (not shown) is
shown in red. The hard plaque in the nodel is col ored
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are represeifatiygonly ?‘HL%B&(S}FEW &ctugl seope-frthe BERiqye only and

do not depict the actual scope of the invention.
DETAI LED DESCRI PTI ON Before the present invention is
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.. intended to |imt the scope of "the invention
describingjpartieultyesintindira¢nts ontheandrieserintendeddn dinghithe senperofi she invention
deamﬂmd%%&ﬁﬂated’ obj ective methods and systens to de;ect'and
andl’yze plaque in one or nore regions of a patient's
Thegsedsheinvéigion lcon@eneiitimatéd) @bjebiabeds AR HQESs to detect and
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analyze PR EL Qi 08 FOTOIFEIONs R Batiens b v ascHisires mgpnaraldll wpntive
methods ihV10¢ BUofY1sBHbE Blta Balf ibadfileh 864, 100, AERUUARLRIGA! FHAG:
systensg 0 examne a patient "agai nst a dat abase
obtained wsorg @innding imagiog spstéro fortdasd codlettbmspreduesqpsitol saoh sybtamis) eel

. data  to.be classified and plaque detected, if. .
examine {7 8a g Ch RS Sorpp e B iofuhg B US e rebent derived dat
to be classified MaEslaqieeteeteaBhosert! BSthdriBehpbfsdhs alléW pRlqaBlEbOr

vul nerabl e plaque), if desired. Pattern recognition
analyzed, fereayamglse slagsificd (684 25 stapleror yriwerahlesdaqyehpbdasiserh sPattehi s
i on, ' ' | OR.: WM ot-her .dat a.
recogntdy LG 84,21 06 ks COMMMREHL B 0
conjunctidrowitke xthepdata abomt thetgqiaden] ¢l R wedifs &atbust guepoapy/ for example, to
strati atient's risk 1‘,0{i suffering a subsequent

. fy
determine 2 Al iRy ST 2 PRt righ TG R § SURSEABER) adverse event
(e.g., a strbRBSH GrttaREK) ONAL RS BT o ied WheRl ?1?%1' Eiidig thB%nvention are those

invention arée those that Tan be us 3 to generate
that can be Hseddo ¢gemaats toertinensigosl imhgds dblbodessselss andimdlude QAT @ET,
PET, .. MRl Ul trasound. At present, MR is

MRI, andgﬁgq‘s%\%r}%é&t Hr??egﬁ, g){;@ilégfef%et%a for a patient is obtained

In pyacsied)diafadot 1patieat is@btaided byveldihg (HRaBEM@ an MRAQbN&kher
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st oS TSRS, O 1T g oo
would be hewgd a‘gi@hig&enters()@&e trleerawedatalat @oldeceede bl prefeired embodiments

referred enbodi nents .
they are sént ?e. &., via the Internet as one or more encrypted electronic data files) to a center for

analysis. The data are then automatically processed to form an individualized product by
comparing the patient’s data patterns to a database using a set of one or more statistical
classifiers. An individualized patient product can then be prepared and sent to the requesting

physician. In preferred embodiments, the patient product provides a 3-D visualization of the
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they are sent (e.g., via the Internet as one or nore
encrypted electronic data files) to a center for
w@eabpxi780 The data are then autonmatically proPe€sEsTHOL/aR7171
forman individualized product by conparing the
patient's data patterns to a database using a set of
one or nore statistical <classifiers. An
i ndi vidual i zed patient product can then be prepared
vasculatu?d’lﬁf tB€Patiends hedt, fRGembleNdhichMyS, €drafstarlch, 1B&1€£t8 fHeQ6cations of
odi nent s, t he pati ent product rovj des a 3-D
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rt,
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the 1nvenﬁd)rﬁ@daha3e usBdltovdseeia khevath iRy @b tR tRlafadRS FordXdmpRy Bas the treatment
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lessened the paignt sy verpll Mue buaxden adfpr gq:dy@ed atrate f progression (or expected
r
oAU A DAL SER] 5hnd 0 Bllg peey cces
has the cclmgmsnwnelﬂpalmukaaplaheeswhacgeﬂ ovasties . ¢ hecceit intae yr lefs stable,
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progression) of this burden); has the percent age or
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analysis (%grfg?a’%lh% gc%g’ﬁggatﬁﬁraha ?M%s@ﬁca&oﬁﬁ%&ea%&gs%&g&% @;vlﬁ gesgfl)nrfrﬁ%a user-

friendly an@ téppolducitile triaﬁnern\iﬁretmmtloﬁ allowasbstarchess, phypddamdaidpatients to
of twar e, or. a .. conbination of these in
readily decslrvaélacrffaaefbl; Srbsom e digeas sHnpaRracht gad/ oraﬁetment strategies.
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outcomeS(Wﬂ) refpssi tortbe classofidissases it emﬂtlwtam sirgghy loalling bduse of

oms researchers, physicians,
morbidity glﬁoqa@ﬁ{nsth? eveﬁ%jggﬂo); derive i ncreased benefit from
exi sting di sease management and/or treatnent
st rat eqi es. These |1rrport at di agnostl c1 and prognostic
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from athelRHIGHATS heieorta RO Sy B SO Fo oSG Al
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usi ng medi cal imaging systemto determ ne whether a
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disease progression, treatment efficacy, efc. can also be performed.
Initially, raw image data of least one point, line, plane, cross-section, or three- (or more)

dimensional image of a patient’s body, particularly all or a portion of a blood vessel, is gathered
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known to be associated with) the presence of vascul ar
pl aque. |If desired, plaque, if present, can also be
web@ssedped, for exanple as stable or vul nerabbP@r/us2004/027171
pl aque, depending on the tissues identified in the
region of the plaque. In addition, assessnments such as
pl aque vol une, plaque burden, disease progression,
treatment efficac etc. can al so be perforned.
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cross-sectjen with p lspsonechindpeefesbly severgl stgtlsigcaliyed@n\&delasmﬁers or

predlctlvg%t%aélg oglsé]k Ye%ts 2l a?ngifgri;f%@%}ynsgé?rﬁgc? ifferen h{yuﬁ r(]igs‘sq’@s‘qcl?%\g’sues

known tocmisy 81 the dascilaqura, frothis wayi, b akldel dfon 1&9&%%%ss-s@&ﬁhlb%§least
The analysis is perforned using a conmputer to conpare
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derived cl assifi i've
desired, tbﬁn@sulanginpddfoan &b Iuyechtte\recroalstmbt ﬁfﬂ&eadtmedamhlhhydea Bflthe
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votume of 85 bffod %35l Fisnertin gisieyeice of therpase aHp e colonlsid, ascan the
volume of the @@néH HBRAS ENEH i TRE ‘f&eséﬁ@é §§ gﬁ‘%lz{cﬁﬁl RES ﬁ"e?&%}(cg )0%19 fe used to

pl aque inside the vessel s can a
represent ﬂ?@@tﬂlﬂéte@ aplmesatplagud éythetregionsaretths dsgrem(dm@menfﬁgéﬁof

stenosis oy B B T R B P ooy e 2 can other
clinical mEhsaeps@dizkasge can be cal cul ated using any suitable

approach. For exanple, the total volune of the bl ood
vessel's lunen in the absence of the plaque could be

Acal %@g?{s@&aﬁg%;&% Em?ﬁ ﬁak yre of the |umen in that

regio pl aque. The difference
UstegMRd analgsls toa repepenating extah@lai‘ el gvetatitievigh AR pRiferred
[ . an e deg reg(e. L
R T TN R RN
schemanc@ﬂﬂ' Bhik@dtedlin Hbiel 12rAy w1lp$@ﬂnpéﬁecpa‘t€dj @E‘rl&ﬁréoﬁlgonefnts of the system

det erni ned, as can ot her i ni cal neasure
are preferghly mpdular, A0 s ppe sempre donposyss eam lﬁBarp‘datgd patdvised wikhotgthe

need for u Sfln nrb?o%ﬁélﬁ%?%fe%u;eesgfrst%rsne rﬂ:’l %Eiclhylgn en)a(glr;p of‘%l’le gtgp(es S gv%rrl glel
optional, and have been included in order to describe the currently preferred embodiments of the

methods and systems of the invention. Removal of one or more of these optional elements,

steps, or processes may be desired in a given application.
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enbodi nent of a systemfor plaque detection and
anal ysis according to the invention is schematically
WO bdossea7at ed in Figure 1. As will be appreci at BOI/US2004/027171
vari ous conponents of the system are preferably
nodul ar, so that one or nore conponents can be updated
or revised without the need for updating or revising
the entire system In addition, many of the steps
As Rlowwm arRigure pi the padcessebiegidiavieh Ibmeﬂt MRE latd @dinkRoREAET at an

to descr rentl referred enbodi nents of the
MRI centgg pr et H%ﬁﬂ@tyég Eerieapv e (1 63 ellectns armpfsohon &t e plaque
detection@hd BRAIGsiPdystchesiteP B hRNGH the L RIBN SidentSk @tﬁ:sfacﬂ)ﬂi  wherg t%ata

processes may be desired in"a given applicati
were gaﬂ@o@arr@iz@ gigfprantiaciide 0 Hay Gpididata prAsessmg manomeﬁ ifapiliity, the data are

et O BAEGES  REEU . 1D B5ET AT R A it v

the Interrihie a favilitjatontairiifg pne of megtopehpatees gms §&ﬁd@@pid@e§shﬁ’e data to

detecti on and anal ysi s systemejther as part
detect an@flf‘ ?ﬁ%&%yﬂg#@%ﬁ vaschze plaqye. Prelerablyithe ray inpaee daterec gated to

ensure théi’tﬁf Re&abhanRch Qlalig) sté‘ncghfsf(ﬁétg gﬁ?l t? ﬁhahﬁglé’ 12dd§,?for 'é)@eeﬁﬂe by

dat a processing at” anothe
calculatingragiaprkabipy Stebitriy hidsat df theldatitare notm,ﬂ shifficieno quaem (‘amlde:an not be
ed,dat I e trans ver

rendered o B8 EHGpARY BF EBei o b PRR Ao RS e o render the

output reliAblg) thegrage LRPEd@iE @uﬂﬂ&r BhOE BfeSsalbb & ﬁ@fe?ab‘i}otrargﬁﬁﬁ&f to the
and, if desired, anal vascul ar_pl aque.” Preferably,

imaging ‘teﬁ@r fopticerEhsacigsiion efthe t”aé?%metdéta fenenatysiss Hfdesired,rapether copy
1
N T

collected pmdirexsubiittadnfer wkaﬂjasmr e not of sufficient quality (and
an .be rendered to sufficient guality in the
Aﬁ%&ﬁ%‘ﬂ“ﬁﬂﬂ#ﬁﬁ|aéﬁ¥é'fmcapﬁr8ﬂw@rs fheray n‘@&ﬂfF ghprovest fog futher
processing N&h preféted tem'bSthﬁ:*ﬁ{sethetrQ\@)da@ra?e ﬁl@tpr@éegéé@%ﬁ%r B&'iﬁﬁ%éd (step
and a nmessage is preferably transmtted
130) and th@ﬁgmgutémnaﬂv apgdyzrsttp peelinkipargly Jl@ntlfsogrom‘ Stltummsawthe blood
vessel (14QT I8 o lor AR St FERDE R PSR Veg iAnd Aiforem

data modesl areﬁnabroughtylntoaﬁgishaﬁots(&BO)JISlﬂgBAﬁy@ait@olé %&thﬁﬁébn*ﬁ%ured for
‘? ect Td and. re-subm ttg or anal ysis. After

computer g RpIRtion; {gagesEansiormation teiee Sracessings andyiprirblen
calculatioft r(z‘3e qaﬁgé’}éﬁﬂegsﬁfg, ﬁw)trﬁ'? thelPbOhER géﬂ?&meldna %&hef cH 88 data can be
mbodi men the raw data are pr proceése

classified m@mgatahgt@@l ngssefpﬁrs QQ@)Bdlam:b hbdals LoEspiph dssue nhishﬁcatmn (17 0)

Gross Stﬂ%ﬂﬁéé lesi e%lo?ajg%;lfll g}‘? tt\lﬁgly@?m St ! u%)l%sat ee-

dlmensmlfh‘iltaoﬁitﬁlcﬁmabﬂ tablesstias agB@bdiffom &ﬁ%h@l‘ibsda@d‘ﬁ 85). Thereafter,
ferent data nodes are then brought into

lesion (heFf‘e ynssulanplagye) dizmppstissiarepeatoymediiaftabwbich laglnes-dimensional model
of the bloG&’OésE Weehe %Q{erat? &gsﬁéd Bas: g%ﬂh@dlggﬁog @tg{"oogggsizt]é: 1855%t and/or

ans or mat u e procéssing,
labeled 1mbs:@l9511 | 16 desiied ethe résuigare plicadosedrag totbdJesimytcthedipibat, for

erforned, after which the data can be
example, %PE%%‘IP‘M égmﬁ’s‘?rr‘flé‘tasstt%}iag%ﬁis@g} P%ﬂ?@éﬁn%’@l predictive
SeRBERtSpst T RSG5 ddsSIbR b ASald 1168F A @NinFAR 1 are described in

greater detail below.
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Gross structure boundaries in the blood vessel can
then be determ ned (step 180), and a three-
waleowsngizonal reconstruction of the vessel is aRGEDRI0eH027171
fromthe various data (185). Thereafter, |esion
(here, vascul ar plague) diagnostics are perforned,
after which a three-di nensional nodel of the bl ood
vessel can be generated, if desired, along with a
di aghost i Datpdomhost i ¢ report and/ or | abel ed i mages

R I DM T 40 54 esenmpeaplagucpmgsimbendaystem

accordingtol thé fwve@fondBiodgk bR AGALRYSIEM. f Ofic RIRPRAUBIL etgod is an ASP
retrieval. Several steps of the systen1descrHB b

(ApplicatigncSeryice Brqvidealdnodrl iy lieia a patiens’ sdawdmagredats ( 05grsetalmm1tted

from an 1%2%&% lfacki)ﬁtb' Q/Y%Ffa %&t‘e\fn@éeéx%g g n%%é(y 0 O tll;elrjig glglﬁs g}g@ghc%’é’n

Program pterent cafd‘ trixedep | velgnsn ﬂﬁﬁﬂ&ﬁmﬁksﬁﬂeﬁﬁ SyBten? LR HANE] within
f to %@g |nvennﬂﬁg throu h any suitahl e method. One such
a softwarg package At isdnsaligdion-sip %@P’lmﬁ%%chéﬁl’l on Service
Provider) nodel, wherein a patient's raw inmage data
(105) is transn1tted fron1an imaging facility via
Secu-e 12 BN fing: her nodel is the

f API
B B RS 66 Bl A e

exammatlmnttdn Emsureait Salfsﬁlt@lhmlmaﬁi@gﬁld ﬂbﬁﬁath gualigt B’h{aq{i’ee@ﬁg s
the ima |ng facility. ji. ge. Processin
standardsfe R pe HGLESP: JREFBHPH dabiseR R OrgweTt ﬁvg%blr@mng
facilities AaF bE deiﬁ@feﬁfjfohﬂa@ Kb ideus@SP Hfﬂ%%? I&Xﬂ t{" ent
ensure it satisfies mninmmcrit erla at a S
versions lnetrlanemé eontrod sofireare, erst Arplieferted cammbe fnrmaefop mlewaxéd data are
an ata receiv fromdifferent
DICOM, ?ac |ngPf) %h& fm%%ay B¢ o th ?‘grﬂse frb‘?cﬁﬁlidémedﬁ’éh thés ‘t‘lﬁ%‘%{%‘e Also,

because of hardiwiafeedi fotenddibetviteh KVEABRIMRT Hsfri@EA8 bnd RFQ%HQ BSsolution and
instrument control software, etc. A preferred conmon

scale can.fipfgrired fhgcomrpnsatadiforia aqntnpenthet pGEVatalthdt ragilativelg tree of
noise and/dNiS@BbLS. My be adapted for use in accordance with this
invention. Also, because of hardware differences
Adistknewn, MRI sigual iMehsityrdsbpsmiintistaacdirii thodurice RF coils (1/R?).

ok e e e
Figure 2. fIf @&iredl, anp Ab SN di“la?t&rodiév'eR)ged ﬁgohtﬁg{; il in CO; eﬁﬁh@ B this

i ntensity drops w th distan
effect cand@,erry)lqﬁ,clp@yltablmetimd@wlud@ histepn@es eqealizhtipe(@ohzaas armMiVoods,

pigta AR RS0 g TN 0 95 B S o

function. I(}ihara-lgiﬁt\tlﬁhcﬂﬁdca&%@cﬁséd i@fﬁoﬁ‘é@tftldis eFBctGRs HREHBIBESs bR of
i1s effect can be enployed. Suitable nmethods include

commercig lay3g5 PERFF SHEOTFAA SR> (T EMAT L H(N@beerks, Inc., Naiick, MA),
See also Han, ef al. (2001), J. Mag. Res. Imaging, vol. 13:428-436.

Robust image discrimination rarely depends on absolute (rather than relative) pixel
intensity, primarily because intensity often depends on the particular conditions and imaging
machine used to collect the data. Consequently, it is usually valuable to normalize the data to
their highest pixel intensity in each respective image. Typically, data from each data collection

modality (e.g., T1, T2, PDW, TOF, efc.) is normalized independently so that the data for each
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Digital Image Processing, 1992 Addi son Wesley), as
wel | as using wavelets to nodel RF coil function.
w@edsn2@bgorit hnms t hat can be used to correct PEN/ES2004/027171
effect are available as part of comercial inmage
processi ng software tools such as MATLAB ( Mat hwor ks,
Inc., Natick, MA). See also Han, et al. (2001), J
Mag. Res. Inmaging, vol. 13:428-436. Robust inage
modality lehis $le dapienBinbmic naﬁgeel Howlepe ndgitionalaafabled, Cothpaidietbsslnan
. el atjv pi xel tensit primarily because
mtramod4 sy EZf fegsnceh n&?@ Rt isingenogpormaltized datae Mylfimodal
variables, @1!’1151’1 dsTROLRE of 'T‘?Calﬁﬂ ne, fb¢ @%}}H Crf)éds tihd Bfio @?B@[imahzed %uantmes
Consequent |y, I s usual va e to normalize
The glypamis rangeeif) rpvml ghiesiticp h&sebeen obsamedd tp contrashatsome instances,
Lve L cal dat

for exampli l%\ff%cst e in vzvo%aniotxg yl?l?% S, t};ﬁ: ena‘-laxgf the SRaGE 6§glo%etsEto)th? gead)

the observed maluubﬁ dam bel qmﬁﬁ’ldibﬁtﬂr&ba%@ dshiadesdlher xﬁﬁtgaa bedlize@aerklebil.
WO 2005/0207?0 PCT/U82004/027171 nodal ity has the
However, dgproding-pavanpliraiogelor ramerierestimaiion q)ﬁm/&ralkmqua@lue@n as opposed
to plaque aemahag offie gﬁéﬁhﬁcmw&f@ﬁ%%dt%ﬁ L-ﬁ ¥s I?éo@{is%ﬁﬁﬂg&ﬁm or
be created using non-norna |zed
fibrous cap ﬁnclablsaésl,omsﬂiufam mtalgesrmay stilbbe Tskfidn dh a'cmltufro blood suppression

ure th .0 of uan ities.
puise sequBiER GoR afsP Enpag sBRifs ey thlr2PRDebrirdh Gt of
Cardzovas@bliﬁ TQEink Orot.0I%418C428), Mhs SANEO 1188 PHCRSa usﬂg%ev@&iﬁﬂ%zﬁltles
th sone in vivo carotid I mages. By the end of the
For examg@qb%ﬁb@% etpefessculy plague gambg distingieshed svetlvie dOF images.
resol ution can be quite poor, probably as a result of
using a localized neck coil. However, depending on
appliii.c at ithmI&@y mw@m“eidejnttﬁtitmn. of overall plaque

In BH%E%an%%égg(g zemaiclugagp gff ﬁllrag)zisn‘(agl Y Igcg [?]rtogsgs%ct?cgn gth a patient’s

body, it is'd8eN ﬁ@ﬁfﬁb?&rtb Z@drkiNhe ‘blooﬁ'v@ﬁ&l@) aghtlthbe kRgpRl, dr@éﬁ’ tissue
resol uti.on |na?es may still Dbé useful. In addit

identificatisindlgws @ppgles s mrcﬁreq@m Sea lsleqd,u werselstockerexahetad énhaaiass from an

. T hQ an 2003 nt e
MRI slice, % c%é gs L6 ?domdahﬁﬁled L\llsérr m %hﬂlfglcigtg%nncgges 1o lﬁlentl the
lumen of tﬁ@ lvésgéli; f@@x&ﬁpléatﬁ“ cusisélddéngifiestedn drRiiadr ighdse sorftlogical

the fibrous cap of vascul ar Elaque can be

features, g eﬁ@bmgm aieanfitipreicrom plva e smployeq, alaner imgangiption with

lumen detgtﬁ'ﬁs WihdniGidh getkafdﬁtlé Elln? écp Dincd the gﬁlqglrlufngn go%%ﬁ&{ hé%rb%en
anal yze vascu aque an i naged cross section

determined, sua¢ceding' 1magdas:ldzy$ cartuse sheadfstimatechd she pxisite)ntaf thedenteh ﬁrythe

bl ogd ves ht. to. be zed,
preceding G S AB T E] TGP 1B5ICR 4 BBt Ont drigeed: the
center of tBe Bimend. Bl 9RAHESE R thellmBO @Elteféf%l? o-bQImAQBkSf i1y for each
froman MR slice. This can be readi |y acconplished
slice. To yidthewomphondieg ebdentreidhesiinaidon ¢reors denicedsyive pléces, pantiqularly
in the conl%%t Mlﬁse\é?e%f‘tgsls%e }%%En grl%gﬁgrefefltgefsc 2 qt%o%’al he%?nttlclz Illggr%lm% nﬁuch as
re-registratius af eemomjd/ietat dxfidlPosieibe anctmtbrﬁilstﬁ)mwm@ﬂ SDM@J cardbeOdiBployed.
or in conjunction with |umen detection. \Wen |unen
detection is enployed, once the initial |unmen |ocation

has jpeen pnase Registration.

The time intervals required to conduct multimodal MRI scans may introduce inter- and

intra-modal alignment and registration errors, due to patient motion, heartbeat, breathing, arterial
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determ ned, succeeding i mage slices can use the
estimate of the position of the lunen in the
w@e@soni7ng slice to nake an initial estinate OPCT/82004/027171

| ocation of the lunmen. Once detected, the center of

the lumen (i.e., the centroid of the lunen) is

preferably re-estinmated iteratively for each slice.

To avoi d the conpoundi ng of centroid estimation errors
dilation, dzf) BAGeRSEIivAgBE] £ FlRiralidpsttifapt slidey, fol Exdntie, AQM0RNE pRferably

di seased tissue having irrequl ar features, additiona
taken in n3Ealie} per iseans e talayss-4 Biintiesan Cu‘ff@ltrcé@‘i’%lﬂpmh eommagreigl MRI
mstrumerﬁ%? F RadltiShA et b re ?éd beoﬁ ﬁ{ﬁ{jcidhpﬁﬂ Q%Bt\f\f%%ocess

sl'ices, can be enp Y nage eg| I'on
may (at ptesere) fak¢ 8+20air $ncrre qumrtwfot carotidh dinagingudig cmﬂ'aﬂmdﬂ MRI

ce inter- and tr a- nod alig nt
instrumerls, Wi Binelo b GAER: oeSPinieE furls, dodsciol i maeh Senekt on
id Ragér schi ek
carotid in{i@iist RRREr sch B (DGexaAE ﬁé lay bdedlhcd g‘%{(’%&ﬁgéf&ﬁé using
multiple @O@Imlp@mayymmeawﬁg potentiad & a fagenter arqyk dluring teGeaming

r ke
oS ok . BOCAL! 80 80385 I i e may o
based on EK$} wlmﬂexttshe raddhhgrerie kesenmos datt Gilthquh deifig E(Déften s1gn1ﬁcantly

mul ti nodal Jnmges, Hence, the entire praocess
slows the proeess ey madglityawath tigges g deouit PRy mRdady 84 bflmwpﬁﬂ@wn
Wiksh Hﬂllt?ﬁ?@i‘h%ﬁ&lﬁt% ate MployddD ﬁlttérm §egls\ﬁ@ub§ o?%‘én%ﬁ{ Rill most
heartbeat or respiratory cycle does nhot yie
likely be tegnia¢d. tR@ﬁonabkermgnsuammracgn g atthioerjesins e mlghtﬁnwa(df atignment of

L T AN A T

trivial to @@t eMflunied dectordty éenter itises 6a AN imPortdt %f&@ﬂéeﬁaonﬂoér
coronary artery jmagin because of the notion of a

landmarkp, Detecting hedrmen ghewsigesiion of the grassdumen bewdarys Whisthi cap then be
st SRR PABER i, WAV MR
Computenil gsksted ngo&pfabmlt 220K .‘fmt%ﬂe‘r’sﬂlmfactcyy akngnnhmﬂt oan be achieved

. dal
through g has LTl S e etay b fhehion FmAgemethods that
consider tigsiedafoidiation @k fof exaBﬁiYé R nges ﬁQJI&JdrIﬁfEdsﬁfé @ﬁﬂllme

attained_using a strai g htforward alignment of

employed. pgere- g:elahfweswé (390ab\Medical IrsagecAndlesih [GRE Puxss »Sals;@s inf
BmmwdeE%ﬁhkﬁng MRI nodalities, it is rather trivial to
cre Tunmen detector" to center inmages on an

A Wﬂbbd amirediaéd% mestle]s pieit idvolvermoéra nelivad lalighiesce pngixehe
) I umgn @I I OV\?&},I ocatjqon of the gross |unen bounda é
alignment, grederably smployip Betric hyaphighthe gEality f fheﬁ@g%%tanéﬁe ¢ quantified.

Such metﬂ&‘ dah bE Q5 a'sfr'%@ af REnBLLAd & OR- co\%ﬁﬁ{i%n cﬁtthév can(b%%?cmz complex,

Jour nal nmput er Assi sted Tonography
such as thg makdgizatien ofWituel isfirmstias Vooly and Wlise h995c),ah’zgmzent by

Maxzmzza?‘gré 8f i)QF gua &19@) ucgz&qhiéu?érﬁ%l?ogay épﬁ%gﬁcl:e?éiﬁ rltarh{cflxlsmn J\Xpel?ls et al.

(1996), mamagmndu sele(1gef5oIIMBtis RRpdHAAE tof e BAPWRdEalighRg images or
ges in bl ood pressure, can also be enployed. See,

data sets c‘ﬁevelopem%ﬁlf epent (LY mo%gqegéhe TerrgeceAmaRs andthe jrEgEe to be
aligned frgcilfeﬁﬁy §f§f)fa9 %11ffé}1ng characteristics. As such, alignment maximization criteria

may not exhibit as clear a peak as would be expected if the two images or data sets were

collected using the same modality.
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Bi onedi cal Engineering. As wll| be appreciated,
nmet hods that involve nore refined alignnent, e.g.,
w@eroosl2079d | gnment, preferably enploy a nmetric byT/uki0041027171
the quality of the registration can be quantified.
Such netrics can be as a sinple as nornmalized
cross-correlation, or they can be nore conplex, such
as the maxi m zation of nutual information. Viola and
Fifeirtical @@htionlthgnentof te vebdakiubjetato 2alyefs iVpieddhbly used
. . I nfor gion, I nt.ernati onal Conference on Conputer )
align slicgg é?ferrﬁﬁ fpgptnao aﬁe‘flesame.af a CQIEN anqjpicahiedRrengetoint, & etmputerized
fiction (e, Bluden edntrokd), bxsothémgﬁcﬁﬁ@k S@as@ et bify % M‘tﬁgr[x Qéahﬁ’gbggﬁgned
~images or dat'a sets devel oped using di Fer ent " e I'hg
from thisrpgapatantriodns, Fohexanufla renoeenianapderame folive in nagtd immadigg is the

caoid LG IASAURRLIN B SRERL Ch W LR SRR eh it
bifurcatioweiahiakiabfefetm@rpoint p &igtkr-dize Waetvels e d@xRee kidalifiests also
. .two,inmages or data sets were collected using the sane
require hﬂ%éﬂt?’@g} atiqsalgpyidnss) 020790 PCT/ US2004/ 027171 For
vertical registration, the lumen of the vessel subject
to analysis is preferably used align slices from

di f fr entimmgd Frodebssg.near a cormmon anat oni cal
I i ER P Rarps. SoSaRts Hifimdele Culiued furhingyiuion by o

computer§ @it pabRa threaeh inagl raeb@ieslgorfth@sntd Riove ABT¥R s Rei1 At +
 For exan‘pl e, a convenl ent ref erence pol nt 1n carotl é)

synthesizg fex§iralfeatyres gad othgr variaklep of interesti Adthoyghowmeparathedric regression
' ' iy el ow.used the .
ol GE AR SfiRFEL LIS LT RURNEL 5, BELRN S50 oy i,
non-lineat disenimbnicfanétivne rydbleskd, K. 1 F8O% Aewrhemamrital Coh® Sigmy sa8y5Rms,
) li.re linear jnterpolation algorithms, v. |nmage
ol 230 B S O O 0 A R Vond T2 e,
IEEE Trduak.- Neural Mok Rol I81 R1 $90TA SRR B2 P RS, RYs Gseful to incorporate
conputer) are passed through i nage processing
any knowa|reletienships inte thesyasiablersel, trestmplifyethe optmizatiorsgmoblees i G@nmon
- . . d_ot her.variabl es.of interest.
technique %?ﬁl&@%il@é{f%ﬁ@&rﬁ dttFaélét;ogglg‘g K cow,Bauéﬁlgsva(rgF)ge_s Fto capture
non-lineaneiatidhsligs, wad ksomr FdrastableBatiusidndRGhbdN & dis@ ¥Rt eBhic

0 estg te any arbitrary non-I| i near, discrim nant

. L ' L
signals, itis Ay mll@b 8HEe) Seff@tlve 1(9@@5 trangfarAdhg fimegericointd the frequency

B e : =314 Ny a
domain. BOGREY: A4 AR IR, Sk, 5o, bSO I30 2 ihe g
objective Of 3 procefiitg, Theani. to Meateadtanietmatins of thelinpwt ithage. I5Pes of
. As a ract[.i cal natt it js useful to inco poraltte
image proggss gt aRYIPEY S PIoHEhiedoRsH GorEv el (rabmuiugl-exqlysive) classes

based on Shel¥Phdtfemtiagl iR 2RideRBduREiOR! ERbn SRR tichS R RirdbERature
. include varjable |inearization and transformng or
detection;caggideriyadgvaigbica mites desigaedytsingeexpas domaimdaowledge, although they

K ' ' . Q,: r agpl e.. in building a
can be de &gégg{sﬁ@gﬁgpgé%%ﬂ%g@gt@ag Iteg%%gue%ﬁ(. ﬁ!?amples ¥ var1aL1es A7 Fansforms
- demonstrated to enhance performance of a plaque classification system according to the

invention are described in the examples below; however, other image processing techniques

known in the art may also be adapted for use in practicing the invention.
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signals, it is overwhelmngly nore effective to first

transformthe tinme series into the frequency domain.
wDoasa207ed al . (1990), Bull. Seisnp. Soc. AnerPCT/VUS1004/027171

80(5): 1346-1373. The overall objective of inmage

processing, then, is to create transformations of the

i nput image. Types of inmge processing operations

enpl oyed fall |oosely into several (not

mut Yal | y-exel ésiViglafdndsses, based on their
nathéﬁarftar‘g%TéETTVET noi se reduction; dinmension

Aﬁt@rdmagé processiag { LG0D, the trhesdiommed dathedre fddi into; staaticad elassifiers to

classify ee}g rabl eé; g&%é%&gﬁ I neg ogejhp %é(erélg e{sh%sggng‘d}@ vascular plaque
componerft®it Dﬁféﬁhg fifddes f Adtiasdhitfonkar @EdHRELIPRMfornng %&ﬁerﬁiﬁcal
vari abl es and transfornms denonstrated to enhance )
function ggeseelp pitahia dheimagep Pagapprepelsior thieclgyslopmentof pradictive models is
descrlbed"i'ﬁ:ﬁQ&ﬁngQ b QoW N8 delafl¥E Bt 1?18{: ﬁliﬁﬁ%&%&%& ﬂoaéisefor plaque
omr however, ot her 1 ma roces
class1ﬁca1i<m:ﬂmsmMhrslmdga@mherrprbmdeﬁ'rrt ExmmyplaBso be ad apt ed for
use in practicing the invention. 17 WO 2005/ 020790
PCT/ US2004/ 027171 vi. Tissue C assification. After
| Mmagg;. Pr oGess B @n&ﬁﬁﬂin the transfornmed data are fed
into statrstical classifiers to classify each pixel
Imjage serg@lqnmge ipperfpenengn thy mlchtm néthgftissup\adgssilfiet incgdergp
highlight Jlus;yﬁesy gf; 1?1%Ireéﬁ %1% U|r aég sgler% {'Ise e?lnagrq? S?pl%reasg %én—rgeva%?geafqures
In many cﬁﬁshﬁhﬁﬁtshﬁﬁion b‘euﬂ&hllﬂﬁqw k’tomiiﬁrhbnl;’sl atdlnohspathoogidib g SsucéRRe
roach for the developnent of predictive nodels is

impossiblg QUEHEI angtomiekgppfeat ol onsapmple, hard @laqre iskswpbially ecaptissue and
0 I
compose%fg{rln&'ivg?f E’(glﬁaggg talb‘g t en?%?ca{i/ | g %ig%ﬂ ldﬁtsui% t?éif%érfa?%ﬂ N
structural, Find saraiskygrot pethologigal. Iikgeiss é@ncbmt catmum depms;te phtsidatick vessel
t .of the t ass i n_.order

axe of no el Figiopitedf ' e OEiREefing el ne WplpROesigE of blood

vessels. @i}ﬁsultaﬁle\éﬁbﬂoacﬂﬁc&%e%@@fo@ﬂﬁs gfbﬁesfseﬂrﬁx ? Rferfe@@imbo@finent) dbmain
ny cases, the distinction t ween aque Corrponent S

knowledgs fepn h@?fipéfaf%thn@manﬁblg%@é@,sqngltmtrm@g £Lm§t1@n pimadialigisighee

from the 18R8h gﬂﬁ&ﬁ*les‘: qﬂtaﬁ?)(ﬁler grgfen%é gﬂﬁl)&megﬁr gce?lleﬁtqg&l‘s%an ]be achieved
essentially scar ue an conpoée primarily o ‘

using a twoedthgegpproaals wl&:rehyttfssueaiypé pedicionsCGot bagahthmﬂghiachecdﬂde gross

arter. al l tural nd certainl
structure FeeSSPEadale bsSoguilbdfe dhe putpyt pf he pradictiyrm Sifedinto image
processm?b.'l‘g@h%st E‘? LERIBRk-floR eﬁld%t:u%)cﬁltdtﬁ‘ 'ch’i’&ol“éHgﬁ”eﬁ‘ hE @IU?B) \BEE
context of detecting and anal yzing pl aque insid

Trans. Bigifieds Epgd volv (6T &5-7Hhyo d@nﬁn@tbe bomglprmfdhe utariabmusde. dAll
ferre

pixels out; 1% v&lse Zuenra%r Cn?@étheeé( Beingq on%l%onggi nJ%VgIa%,mlSﬂ%e cqng;o&ents or

other tlssm‘se Maihin Mtdrl @all Bodindied the Mnterfior’ Etheblost $dsaddC An dppayach Géing
| umen boundaries. In another preferred enbodi nent,

“active copicaig| plagrithmeas @ {wakesn algorin (Bv.dl (199).fg agienibeaseralgew: 4
New Exte@%@}?g)ac% or S’)‘Q&&e E?EE b%ﬁfé?ent(% Bf C%lfxﬁ)@te‘f 5 QRFpafesn R@csosg%ﬁlon Xu,

rough’a secon
P. (1997), Snakes Shapes and Gradzent Vecfor Flow, IEEE Transactions on Image Processing) is

illustrated on the ex vivo data shown in Figure 12.
Other segmentation algorithms known to those skilled in the art may also be adapted for

use in the context of the invention. For example, tissue segmentation can be accomplished using
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structure processing nodule. Essentially, the output
of the predictive nodels is fed into i mage processing
wabk@snedbors (e.g., gradient-flow and active coP€DUS2004/027171
control (Han, et al. (2003), IEEE Trans. Bi oned.
Eng., vol. 50(6):705-710) to define the boundary of
the arterial nuscle. Al pixels outside this boundary
may then renoved from consi deration as pl aque
t [ | |
rus- b P B STSUES) DL BE LB ““s”ﬁlg SHeh
approach usmqhgnefhadﬁt qanellse datused ih cahugstipn Imnhchouaddm detketﬂ)h methods that

otve 888 AL oy SRR STEEER, NSF b eyl

Pattern RM@%aionP@kfo@d UnReasitg PrdskYoNIn tKe procEss L(sé@ﬂ)@eneéﬂﬁlﬁé fesults
hapes and Gradi ent Vector Flow, | EEE Transactions on

shown in Figeel Ipraomilesshanggh method wes psdita trausfomn verselamagesy eeniraedion the
nn 1o 0008 & RALES g o UM OR FUGSHA A,
for wuse in the context of the i nvention. For exanple,

tissue segnentation be acconplished using 18 WO

2OO9@%26§ﬁ%J£é§¥¥g§%§2£§%¥¥¥¥ﬁﬂﬁuIes based net hods.
OnldR&1IrsEises dfsmMRItah Rave tbeh Ebelbd, AN, AR LBIRNGBLAIAGR! of the

usi ng such an approach. Such met hods can al so be used

artery and; plaqu§rae be Pelueg rf dsgitade ﬁlgomcthat@lntemmwmm (e.g., lumen

i YR ATRBSTE PTG R B3I o

instrumenREonenaniple an MRT msterhubrit Vx&mafabw&f l@SGEnerdtlrEIE&ﬁc)pfaﬂ ®essed for
use erate the results wn.in Figure 11 , a
this purpop g SCHEIRD AR STRNS SOmPIATIOD: el B cai be
generated Mages, centered on the lumen, to a radial coordinate
systemthat linearized features that are inherently
radial. viii. Three D nensional Reconstruction. Once
al | §I|cq§ %fgﬁ ygl scan have been | abeled, a full,
thr el of the artery and plaque can
Lebﬁnﬁlﬁa(g@ldﬁ&ﬁ 1nb1f.1d1(ﬁg oivéralll sizAb G aédrbNSI didtdtis Clﬁil@ Gént@{toﬁlﬁque
ructure and exterior arterial wall

size and Vafun& fhrgmw% ﬁ%@ﬁ@@\m dichao fogtht %ndasteanmé@ fiiognihgee-dimensional
reconstrutRAVES Gk BlooiRkssel th-:t{j( gegf cc&fe X, DL B dalf 5«» Rk sel%ctlvely

i nstrument manuf ectric
detect a plagegicdnaponentifer epalmpbs@ld)avearbel egnployddgc gelrese aseful models from

entative e | e of S can be
lss date, ARATIEFE agfE TOETDR egode: 0 V-0l 6ir- i BgAvLErag MRI
analysis) B¢ bl fﬁqﬂﬁe@ﬁﬁg‘eﬁbﬂateﬁhgﬁelsaﬂ&n@ﬂﬁ&?@as@ﬁlaﬁﬁlﬁ@%aﬁ be dbieb®dd and
content,- plaque size and vol une, thronbus
analyzed (¢t ilaspidigd imtermamanesabilior ohuptoeemetse. est i mat ed from
t hree-di nensi onal reconstructions of the bl ood vesse
(Voxels). O course, imging nodalities that
sel ect i v@ada Odguect a pl aque conponent (for exanpl e,

lipid n be enpl oyed to generate useful nodels from
The o%tpu)t of %e system rggn bg/ presentedgm standardized as well as custom formats to

contain such information as may be requested or needed to review the results generated. In some
embodiments, the output will consist of the original data, the data labeled by the predictive
models, a three-dimensional model, and a diagnostic report, including risk factors and
recommended therapies, if indicated. Preferably, the output will be made available directly to

the system, particularly in systems based on an API model. In the context of an ASP model, the
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| ess data, in that fewer imaging nodalities (e.g., Ti,
T2, PDW TOF, etc. in the context of MR anal ysis)
woreapsoz7sequi red to generate nodel s from whi chPUEES20048627171
pl aque can be detected and analyzed (e.g., classified
in ternms vulnerability to rupture, etc.). X Data
Qut put. The output of the system can be presented in
standardi zed as well as customformats to contain
computerssystbmi thdtquerfatmothe asalpsy wﬂﬁrﬁrﬁﬁﬂﬁﬁé edtpaf fikead&datdclly or upon
I ew the results gener, c? In sone epbodi ments,
receipt o RAPBIPHAE CITELofoct BEURF sy RaFihen sdassa mapihe aaddress
for an e- dxﬁ%c@@ntk&aﬁ BReRA RO LIS, raiRBIRIR, a ﬂ/og Iggéac?eﬂg{ Wklgﬂﬂlnder
and a di agnostic report, |nc
exammat@ndthe meinahisnagies fohiditsefyvre syhiclf thie palfigas eidta were fetialyl v,
output will be nmade available directly to the
transmlttécpgttcem particularly in systems based on an APl nodel.
In the context of an ASP nodel, the 19 WD 2005/ 020790
PCT/ US2004/ 027171 CO@uter system that perforns the
anal % Apneralizatio tadardizations file, autonati cally
AINBORSSHE) EIézé‘ft%ﬂ%ﬁ@‘W AR SeBATBAe b nhn it atow
for the deﬁdppmm@f istanfardized date ,amﬂympmbdzcmm:ti, fcgmphy&b CA®D, much of the
st S 88 Bl BRSNL RGP o g B okt
data can Ke"tﬁ‘m@ atvag ﬁﬁth%ydﬁip@erﬁ@hﬁ?ﬂ%‘rﬁétﬁd)ds)ﬁnﬁ IsPASHt bt @& 1nv%ﬁt‘fon
Xi. Ceneralization and andardi zation. As w |
appreci ated, the automated nature of the net hods of

the Jipvenbi,gn lgi&erﬁl oW for the devel opnent of
nﬁ‘a‘r‘mTErg—%gff’a—a'nz(r)by' ' sis procedures, formats, etc.
Aﬁﬂesm,l%edthdnemﬂ\gfh @an Baibgea ﬁlﬁ&dﬁﬁ ideaitifly ﬁ).ogﬁm;b(:%idw Blaque features,
vari abi cu rent human expert:based exam nation
such as PRI SekfTbra cobAbifcIses, AU BihaEPHNH 4B SRerRb o AwLhfgmore,
MRI can Elbﬁdrﬂﬁxbfé%&&%n%gﬁém gOfﬁbtr(rl% daﬁvc%[&ﬁ@d@ionxﬁ 1% Qgeen

Consi der ati ons described herein, MR ca
hemorrhage; @) haragtenisti¢ 9f idnqyahle sl stzble plaggein dllecfithe maj,or aserids:

carotid, c&%nﬂ&?zﬂ‘gftpg 'aérg% er{):xlfe?r{e% Si(jl ?r%%ﬁag h}gollfne szﬂav% ci}':g%loped to
mmnmzedmamnlamfaa‘s eW[Oi'thRy et QO PO §IThS] @c@dzov&dcblaﬂ%aﬁﬁé’ wvol. 17:195-
calcificatio l'ipid content, morr hage, etc.)
201; Ker"i?ﬂa?élét(gﬂ?(?@t%g’&?”c\ﬁﬂsr@m é’obrilﬂ ]Q«tléﬂlzé pI aque in all
ARfdValfg %f RIRIE BB sfRturest@h BE ifla $é51q,[s % alad]ﬂ“g}egfemodalltles

aorta. npr ovenents 1 n I magl ng oto
T1-, T2-, BBvehd i woightrcrimaiase Tt TRV AIWE and SOFW) réspbivelyd bf the
01 tl. J.. d' | i ng, | .
same anatfgu%géssui)ﬁin L‘?(g'r“ﬁ q.}ﬁa ! %:/pae% %gg)é)tﬂe%g%l ic\égl%gentq gud
structure MBHe tissvi®l Fordkadmplel vdidiki %atl@‘hn fiBFhg ﬁ%ﬁﬁearﬂfmﬁ@bla'qtcte ERSrrhages

structures can be inmaged using several different
can be disipgshedusing T2-weighted images. Calcium is very hypointense in Proton Density

Weighted (PDW) images, while smooth muscle can be characterized well by a relatively short T.
Time-Of-Flight (TOF) weighted images yield good discrimination of intra-plaque hemorrhage
and lipid-rich, necrotic cores. Contrast agents can be used to improve the detection of
neovasculature, another indicator of plaque vulnerability. Further, other agents, such as labeled

antibodies, vesicles containing targeting moieties specific for a component of plaque, can also be
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Ti-, T2-, PD-, and TOF-wei ghted images (TIW T2W PDW
and TOFW respectively) of the sane anatom cal tissue
weawshoz7guite different, dependi ng on the chenmPCHIS2004/027171
conponents and structure of the tissue. For exanpl e,
calcification, fibrous tissue, and intra-plaque
henorrhages can be distingui shed using T2-wei ghted
i mges. Calciumis very hypointense in Proton Density
used to eéinghbedd(FPMih colageaisiromainhaliGaIMeidind s hefos afalPss according to
; characterized well by a relatively short T.
the iInvenfipe_ of - FI i ght (TOF) wei ght ed i mages yi el d good
T B B o e o YL DA A AR an Balygjgaccording to
the instanj getdmiatedinmgthaslsdasddeondeRé ohaging preferatdy uses clataaderived from two,

nother indicator ,of plaque,v raprlity. . Further,
tree,or AP REHL TEATAL oISl TR DRRRRDBGFLE il dpaaties e,
T1/T2 rati@irpéraémy disefigeidtgladi @iimserdp a6l dtherftREucfofGUIRRINRRL e,

of plaque, can, also be 20 WO 2005/ 020790 i )
although piegle and obier B mpdal alysesra i HREITGRe senpe o thedntention.

IntegrationQFi g6 Frfefioh BRifed Tisth Gl D BSHRGts SVoei B A1 04te BNG MSHe Sapid,
B p
according to the invention. e inventors have

accurate, dad mpridueitle dsstssments pf plagu pregehes ecatiet, @ad icompasiidon. Such

an si s according.to he J nstant autonated net hod )
analyses GRIIMAT bR Tttt Sumbercat o ks SECRRY (G SiePytond Sassity
laque aridVssibll/ @80 dedigh OLRF dbdubRdes Withi g B cARIRS . Simi
pladue Tw,és%ll'z?/ PDV\? ar%I TOER) od;u tﬁei r dlgg%at icves (ergl gf"?’e” Similarly,
the use offdatargollegtiqnompdesrspesi ie forpartigikae pempangnts ofivasgular plaque will

IO f a. d I
L R T

operatingabfoars, ¢0i N t he scope of the invention. Integration
of information obtained fromnultiple contrasts would
facilitate even nore rapid, accurate, and

2. ApSIRGAGMCI bl e assessnents of plaque presence, |ocation,
an con‘gositi on. ‘Such anal yses can then be used to
Aguigltheem

ireformatinay onodismpigdieiaded bumer athsmsgletotic tasass plys a

n | assi f | ague and .possibl.y | ead.to desi of . RF
crtcal 0 B BB GY ot G SRR R Peo syt STt ey
Pathologitdl@videacedias drbhdy eathbiettd Mt ivRARsqueRERIpbsiGod Rither than stenotic
severitytgagrtl cul ar conponents. of vascul ar pl aque w ||

arodalagesiplaque ypingepbdity and deamingeniciis As a41l e pppreciated, the
. . il . . har - Cati
s RSSO SOOI OG0 BRE A
recognitidndione¢téding omeakusingnd dlassifydeglatherosreratib plageds| ie vobj & well as

| esi gns pl a a critical role on the onset qof acute .
total plagye iy iR perS g T P ES AR Rey, REPEERasoasigmages
are derivedaisih@/ MR CAltomatidR ARG HASt, BbiB@JeY 0B kRl RBEGCh) %_Eltta')?halysis.

| S pl.aque COITpOSI tl on. r at ﬁer t han stenotic severli
Such methqdgtwilkbave avaretp pheppdicationadnelbding dytegting and, if desired, analyzing

st MR ) 8. Ul RS Byl 5
plaque lodatibgend/oabyssssndplaqet @mpositibRl Rurthermore, the analysis of vascular
plaque can focus on one or more regions in vasculature within and/or leading to one or more
regions or organs (e.g., brain, heart, kidney, efc.) in patients with or without known
cardiovascular disease (which information can help to guide treatment, including surgical

intervention and drug therapy), assessing total plaque burden (for example, in the context of
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recognition for detecting, neasuring, and classifying
at herosclerotic plaques in vivo, as well as total
w@b@guzo7bur den and rel ated nmeasures. | n preferP@dus2004/027171
enbodi nents, three-di nensional inages are derived
using MRI. Automation allows fast, objective
(observer-independent) data anal ysis. Such nethods
will have a variety of applications, including
patient scB@hiE ! difdsPmahageie e sic! Peﬂm r@k@ksezsm@t aN@SEAIREGH. alHeSe
Anal ysi s can include, for exanp quantitating plaque
methods cpg|aliede uged asrsndAidgOb; mtafqlgleagrlg@mnérpm%ﬁé%mewgeés@mey
allowing R>r %&Hﬁar?sg%f rc‘ésﬁlltso&twg#xrlglgb%ﬁfgﬁgse thrz){@‘noﬁpl%hﬁﬁﬁ(ﬁnaq studles efc. to
oCUS on odne nore-regions I n
assess summtwérﬂtpones i dhhlcal @ity afdrigaadd nthet treamentsy andeicepss different

SR TECC SR CIT AN TN T

costs invdl AR RabiMHoGhe diégr&r dPekdnobis aAN ddi8dtingttBrofiboSiS-prone plaques and
treatnment, incl ng surgical intervention and drug

reduce the Higesdpypyd burdensoni nagents who mighiciberiisedere (o by subjesiegite more
/ / 0
vasive difrblfc SOADELAL oPhe U0, 2008 020790 oRGH B2 A0H O hE dyon
than can &S&ﬁﬁﬁ@ﬁfﬁngaemhtmg mdthcfdsc ation. These met hods can al so
be used as standard, objective diagnostic and
prognosti c neasures, thereby allow ng for conparison
AOf réég%y§wgg;mﬁgawlaboratorles t hr oughout
“Tongitudi nal studies, etc. to assess surrogate end
Thosi enescontextini whiclathetinveatien bés apphg@mamn@m;yeqardlovascular disease.

treat pents acrqss .different Uk prent
s is knop i Gitp 4l Besbt TR s b B nut ot e PR g yomen
About oné-BEHGE ﬂdhﬂd@ﬂﬁgm@s&wlsed 12€ishSdit 0Y GdrdidtladcilalBidedse | 4hd nﬁzh@' more
degree of stenosis and detectlng thronbosis-prone

will suffep pgqpﬂg@tlwssqcm@th gardpovascylar gisgang apd thecagsomgpanying lower
quality ofplﬁ% ﬁﬂﬁi@ U Qaléﬂegg\;er Q4 D8Nk PR sﬁég %nﬁﬁ\?%l?%n%‘z’@dlﬁ RS iQalize the

i nvasi ve di agnostic nmet l'e at t e sane
heart andtpilaqae pRmﬂndﬁmgngaﬂhbwrthatszmmtﬂd nbhstableggildqma rupithis taccause

t ai .ned usi Xi sti ods. . A. Cardiova cular
heart attagis B S BOkbRn SRBTE GROUDYF Al A B ey ARERgH
attacks C(ﬁ‘ﬁ’&lﬂ&ﬁﬁﬂe%oﬁﬁ@@%ﬁﬂﬁt&@ﬁvﬂb@‘fﬁ&@ W 18tle Elaﬁﬁ‘@SFe daté\sho'w%ver no
known, cardi ovascul ar di sease is the single Ieadlgg |
¢ plaque

obj ectlvec@p@en@hocbl@;eétbnen devstoprd teedistinghishdwiveen vabstable yast
that is llkgl tb tﬁ/rle g}‘f czﬁlsé Qtl%gm% 48 ﬁ%t %tlee%’lt% acﬂegrt %]t‘t ck or ]Iroke, and stable
gardi and many nore W FIPrer

gvascur ar dr s

plaque. mnﬁdtam arivieation meés&hﬁdlgﬂiﬁd'antmﬂét@Vﬁbh}ubmmdﬂilgsmiiﬁmvaswe,

and the acconpanyi ng r uality of life. In
objectivey ang ragifl grahods et en% Anlyzsrpliced eﬁsh%ﬂﬁa«aﬁ%}ﬂ%ﬁystem
partlculal?f RAHE VA chiRAke Y tHY Bl Selil@nd ReRL U and pl aque. Recent

I ndi ngs show that vul’'nerdbl e, not stable, plaque

ruptures to cause heart attacks and strokes.

Significantl tures to

or odkiee . 2] 2

Aﬂ%ﬁﬁé'ﬁtairﬁé&aﬂ@%ﬁ Aﬁ@&@adrﬁgdwdlﬁlé@ar@ %@%ﬂ%ﬂ dEgred @f Stenosis and

however, no objective, rapid nethod has been

symptomditafies, wiyheutrefertngg forpjequercopwosiden (learsragedrecisesrepuaical

dlagnostlgs &&ue(?(ample, plaque composition, e.g., calcification, lipid content, thrombosis,

fibrous cap thickness, and so on) will significantly improve the pre-surgical risk estimates,
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that is likely to rupture and cause a thronbosis that
can lead to a heart attack or stroke, and stable
w@k@guoz790The i nstant invention addresses this PCT/US2004/027171

significant unmet need by providi ng non-invasive,

obj ective, and rapid nethods to detect and anal yze

pl aque throughout the vascul ar system particularly

in the vascul ature of the brain, neck, and heart. i.
allowing @méeifipao atdry eclibblyiassesDiha gelatitd sk @drgeat dvenpharmaceutical
.Screening. Al current Anerican Heart Associ ation
%%|dellnes are based on degree of stenosis and
synptom status, w thout reference to plaque
conposi tion. Clearly, nore precise pre-surgica
di aghostilreatyest exanpl e, pl aque conposition e.g.,

I t i.hrou
MEI%{ %dg%gg%tcﬁlgp d éepébg v%ggl\tlzrerrf)revenﬁ{l - TEe] u%es and ftree?tmenf’ f%
assigned tplpaﬂems basedbbn en Sskmwionrmtl%patllaﬁt é@rdﬁ@%&ﬂ&&ﬁ&ﬁse (CVD) or
/USO4/027171 [ clinicians to nore

cefebfovaﬁ ?ra’fl:?% QERYRse Hgt%f ea?rﬂ fony CYP will ke digrussed gy dhe
representd¥ive %ﬁﬁﬁﬁb‘ tolf Qt?ilerosél%ﬁ{: YRBAEOR whith ' iRANTBAtn cdMRPY relates.

cardi ovascul ar and cerebrovascul ar preventlve nmeasur es
Thus, the deigt Natéenah©ommitgess h)@ssergmngmdslmax, iagdtte Addebreaimean

rect s GRTEL 0] ERSGBELRES BoSRS SRR Bend R

treatment 8¢ $&pdcpid OVID r@(ﬁhbw ib| th®eddins Greamesht &ﬁresihbﬁl percentages, or levels of
resentatiye exanpl e of atherosclerotic diseases to
blood prew.‘p

Alesteroy & igh eamgatis initiated basedson CYRuisk eﬁﬁ@ates
wdiiona iy 14 SO AP B ULl DI, g

aggressivmmtraaHnMrmlle\@lscnf dlasttpresshireguichielesteres daked tovehich treatment
hould b el'a%lcb%lity for treatnment by expected CVD risk: that .
shou eagv y define treatnment threshold percentages, or

THiK eheor&fcallPiueeHedbRese pRrsBhs AMREIRS CPlisiehaveihhdiB risk to
treatnent is initiated, based on CVD risk estinates.

reduce: thpgame frashonalredeqtion inesk lvadsfel lareer ahspluta redwation in risk in those at
higher bas%hﬁg@WHgk Whgﬁ«% gi)eatgy ?%Soﬁeﬁé r%&lu Qi\é é\ﬁ(lﬁ %{l:%{er bast

ressi veness of °treat nent
effectivenpsseﬁmaimant (felwed resdezirto Itredttmpréx&nMCE’m) é\reﬁatﬂ‘dwm) and greater

ikelibood YRS (AR SHISEL baneBisert senrent il rcoes FeftBoRihakm.o
CurRAUSSHrodchEs 18 WD TR nNRh (68 dsdn tfaatm&t Eﬂrééﬁoiﬁ a§ tdrPets

a | arger absolute reduction'in risk in those at
are predicafiedghdr nd aneernaneie MfDmatior relajiet o Nhlaelgbleaﬂmue .C¥iDce ivslnerable

pisaue i SR VLI SLGRAEY AR Rt SR L BRER Rom sine
this inventtoresitovay vuligadtly plagicho Bedietted ahll k@dIVAaasl af bBctiRCautomated,
reater absol ute rg:ubenefl ts of treatnment wll exceed

and acces&’é&éatbﬁé?ﬁurm%‘/ bl Ruedlictipny (Gad Hels prediciwy tpigsted to different
end-organSSdahn TRty (APro¥0d, FRrh G HERLAN SRRk AR A JrakSGlctis.

The improved CVD risk prediction (and risk stratification) from effective assessment of,

interventi

for example, vulnerable plaque, total plaque burden, efc., may have important cost-saving and
life-saving implications. Improved targeting of treatments to those truly at risk will save lives

for the same cost, and save money for the same savings of life.
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are predicated) do not incorporate information rel ated
to vul nerabl e plaque. Since vulnerable plaque is a
waesosgaizer m nant of CVD risk (arguably the nosPCT/US2004/027171
i nportant determnant), and since this invention
al l ows vul nerabl e plaque to be detected and anal yzed
in an objective, autonmated, and accessible, the
accuracy of CVD risk predictions (and risk predictions
PIaQﬁQ &ét@&ldﬂ%ndlcﬁﬁlﬁét@ﬁiatloﬁ Will‘l Qfsg @Qﬁﬁlt G&fér b&cigbGak éfdlng who
nproved, permtting marked rove targetin
merits m@dl@%\ﬁmm@t ang evhiahw@v@dremm 1 hpstengirsta pmtlc(véarq)am:rgk This
e _asse
may mch?cier aéﬂto gt o%\%f‘l (gcgeprdgi) tgﬁﬂp é)fleggetrdlvlgs{vglim%éruasg %Lﬁi%tgﬁsta?cgi, c.
smvastatm,)prdmmetm rtpmstemmt roswaistaid\and Jlueadatinl)] Wiich a:yttd’iﬁly account for the

cati rovedtg geti.ng of treatment to
greatest etanglgiétutrquo g/a%}’t prP cgiptign medigation ip theworld, gyith eh"éZOSI@H@n dollar

| ; [
s oG08, B BB Al IS RSIF R Bl a2,

generallyg plagae desedtioatand analydis canl abwo 1pe>mnettrda‘enm dedacmssﬁootreatment

regimens tﬁ%%'ét%kn%rmgasg& rlssk ﬁﬁ? 5 ugh gy géeat {T:,}I% 6 anisms, Imcludmg

reat men
lowering rbil?dddqmessuféf'(st‘a‘,h a@‘ab{iazlmﬁﬂxufkﬂc@el Q,Q@th@ﬁld?ﬂlna&ﬁl@sﬁété/ blockers such
tatin cholesterol -lowering drugs (e.g., .atorvastatin,

as atenolg), FHIQERTH RONVSFHERE P PP whlhlmsa%lphtaﬁ fpsmagh vagiensin receptor
blockers R o lith¥@shal da‘f@ium‘@ﬂérﬁ%l YR G a?ﬁﬁ&#ﬂ e (@ 8£

reatest expenditures for any prescription me
verapamill )y alpha bleokdre suaki as ipraxo@ia (telizbeing mnd vhdodilatos rsm:lﬁlhydralazme)

and,whase age is ected r r kedl
sabizin G s HE R R TR 3 R e
using stafiuixdl fiBrakyig |d§r1ﬁaﬂﬂe§hl$@%]énfiﬁlfr924?oﬂ feRSHBTRBL nif&GR bs i ANStsl 100
treatment regimens that attack cardi ovascular risk

niaspan; bilg 2nigpequpsiragts likesalestépab pr ehodestimamying; o bletkguh afgholesterol

absorptloh%ﬂ@ kﬁgxé@lg)o g&%i @ﬁ?@%@“&ﬁ%@%}l rI s%}yngénqgﬂaq lé’tr(gtg %g’pmn

clopldoglat emo)l quantlﬂmgnmmnﬁ‘fentsc(a Bv essut PhsipsR adtivatdd ot SFdptokinase),
n receptor . bl ockers

h f t
ammong oSy O opSE SERPding ot BF ertieh EheNisel Bl GeLRg b e, it may
be desirable k& EbAbiNE ohélbl hbRZF @h@f@fégoﬁ&&ﬁ&gﬂ\b}é hlon@oPRfco hSvith

such as prazocin (terazocin) asodi [ ators suc
other treafipenttal azi ne), stabilizing pI aque (as can be achl eved
reduc S C
Tﬁé’ m?ngg‘? n?gngl'}%)ig %Sur%{ﬁa} greatgfe 9 (t@)ég a? grﬁ% may ge even

more 1mp@etmﬁtL kinezihk potenfiginobts biid#isks a@éo@l‘altddl With Mapdra! @ﬁéill&l bg Borne only
bile acid sequestrants |ike col esti pol

by those g)ﬁ B‘ﬁ‘@@t the &iwe sisks ofithypioblear axcerd ba éﬂS'é%Qféh@$ngHMs%le@ﬂaUﬁ
i
plaque ey RATY) BT,y SRUR BN BT UL Bt pfOA Aly RELHI et of
risk. antithronbotic effects (e.g., tissue plasm nogen
activator or streptokinase), anong others. O course,
depending on the particular patient and condition to
be treated, it nmay be desirable to conbine one or
more of the fore oi ng therapies, alone or in
conbilinat | Bruadpevelopsichbr treat nent s.

Researchers have used manual evaluation of non-invasive patient image data to monitor
the efficacy of cholesterol-lowering drugs in longitudinal studies. However, manual examination

is too expensive for general clinical diagnostics. In contrast, the automated methods and systems
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The inprovenents in targeting surgical treatnments to
those at greatest need nay be even nore inportant,

W@ RWsm217pe potential costs and risks associ at eBICTMIB1004/027171
surgery should be borne only by those for whomthe
true risks of the problemexceed the risks of the
surgery. Vul nerabl e plaque assessnent may greatly
i nprove determ nation of whether a patient truly has

of the invehiién ¢@Rlus& to hpidly gdnblate IAaEHERKEIAMIE @#tlmates of plaque
Resear chers have used manual eval uati on

compositipgr{eign \@@lgqugtlmﬂlipmontqmﬁg@od@pas,tfd)rmnap cblmcknela‘e and so on) total
pane L ks 00 S o LRSI 8y 3, S

deposits, tobe gedas akurtddardsodkcligica @uadines e g.| Fupb e istraks, MI& h@eatly
pmat ed net hods an stens 24 WO 2005/ 02079
reducing e {RRB AP OREEPEC g\np I g8 AV NRee Akoprted ydbe tnention is to
significarktBitedlick tRENBRBY: @f ﬁat?etn?st dnﬁtﬂ'lc?l@hét}i oF Bl l.q? ﬁﬁh&d@ &hcbirate
pllaque conposition (e.g., calcification
the effectwncsgmf cargipvaseutas asd ccfrebmwsulmacpugsh umdkmrhsgthoeermhc&cgomg

it 8 T sy RSy R4 05y HLBRAEES LRSS DS i,

it might bamethidabto ﬁeﬁfohﬁ al$ aewasalathatincRgah M@fac@[ﬁo CIHeRdf6R to demonstrate
out conmes . rupture st r oke, reatly

a Slgmﬁcwdldxfr%%emer FyrrRgt Maedc%%wwcwl%@hugsé frialoiey mulrﬁa} lonst a few
th deguan %@335‘ é%&sdﬁ‘% the invention is to
ousan s?%tm#sl cant | {/ re ucgé(W 2 nunber of patients and the
| engt h of foIIovv-up required to denonstrate the

effectiv ss aof _cardi.ovascul ar and cer ebrovascul ar
dr ug%—r—%@?ﬁ%@@%%@&—%nder going clinical trials.
Aléther dpplicatio fordhy altdnPRethb8Midd s?@t@ﬁas %bhé&x&%ro@ﬁi@ﬁ%f Sdperior
m g

associ ated to the use of statins,
diagnostig yrd progrgstie épobeiofgtientaayd phywicians. aIrsthtsrragardMameleactmn and

analytlcapciéi?é:ﬁﬁ%suﬂg QLT ffom tu?ef Qﬁﬂg qi?j&ena&? carfbed é?e d‘?@@ gata from

vantage over curren used cardi OV&SC

other soutces tl provnslg/ evmqmmeexd&zﬁncb@ d&gn(&tlf: grodutidaué rded A dreRadiple, the
ol | ow u hanced Di agngsti cs.

e R b2 bt ARt SR BTN S
risk of caRN&VaSdiar INRaKR ﬁ@f\l Y. OttiSiaRiinak &3 %@&rvbéglrdgyéaig;z&lr{?o% 'tlﬁclaHQS 209

prognostic to t'o patients and phys
subjects qvergfam@l, an;l Ifeuwhebet aelasst offpredictor wridbiesibewnd betatohtaamed, including

o, ekl RO BB BB o 3 B

diabetes smm RNl RE AP RANGBONi b PEOAY Gisford BH cA8TaY et (o) rmyoc&v.rdlal
exanmpl e, the Fram ngham Heart Study database has been

infarction (Mg g ﬁ§¢t91é$:ya%ca§¢léaar@ badyicardin) s vassuley zationt eoronvey artery
bypass grgft ?%c@éur@sagﬁjb VRSENlG gﬁ?zﬁﬁm%? e él%gg))(%g ggﬂggtnllﬁ‘ %?o'q%m)

aset evel oped from rac
classificathureof persvealitaie gt typan Adhand andmisdr oﬁf‘erﬁérgﬁhgt riek facers, aldleding

s f GBS0 SRS AR SE B e P
Outcomed®REtE&d indR¥e death (cause-specific), and cardiovascular events, including MI,
stroke, and sudden death.

There are no MR scans in the Framingham dataset; however, iz vivo patient MRI from
more recent longitudinal statin drug trials contains both MRI images and pertinent patient

histories and risk factors (e.g., blood pressure, cholesterol levels, efc.) is available. For example,
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di abetes status, al cohol consunption, snoking history,
hi story of cardiac events (e.g., nyocardi al
w0 ndoawzt7pon (M), angina pectoris, tachycardi apCHIS2004/027171
bradycardi a), revascul ari zation, coronary artery
bypass graft procedures, stroke, levels of analytes in
the blood (e.g., creatinine, protein), classification
of personality (e.g., type A, and a nunber of
a research ¢meT giNig Sirai SdileﬁiadMRSmage@ &t sigipiehth 1r@t041s ofdr two years (Woods
ot 1(19§§ chg lv?pﬁmtel n | CAM adhesi on nol ecul es, and
a Inéengl @Pmefséaﬂsf%ﬁ?'em@@aaeb§%éa911ﬁ%) UBtecatebining the
results oHt&id f udi
e O P PR Ao YR ol Ul
with CVP nimpeverieen bajiendiagnostis etqceimasverbe impleniantedpat | ent
MRI from nore recent longitudinal statin drug trials
contains both MRl images and pertinent patient
Bhi stsmm and risk factors (e.g., blood pressure,
chol est vels, etc.) is available. For exanple,

Bgigerkppise 7 Sompestienpigiroseiertic lesiopsewidllsshaliovafor more
accurate pdtieM rlsk%tﬁﬁﬁcﬁﬁhlf&cgn%ﬁe gﬂ% {}%ﬁgg thedk e?fﬂnl)ﬁx dnL)C 1ate therapies.

I ntervals over two year
Approxirggely 24%0 affstrobesput exlatéd i Gthﬂw@@l!@@eaﬁ fetye, ceW:ibal 1nternal carotid
conbi n| the results obtained from
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di agnosti ¢ procedures can be inplenented
preferred g;g@tpgqnt RWHW ferpfvaneed; gaeotiddagionsi wiith N)V@tf 128:0908r0d $telse suoérdes
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have showR eis /S8 c@fikd ol éi‘ﬁﬁéa%EIY tr&ft‘lﬁ@%é’nsﬁ g %él&ﬂﬁlﬁ&o&%ﬁgﬁ’l limitations.
stenting, and angi op ese treat
For sympgomasicipgtierisiaith @ 0%03‘(@10,%15( th ouertil velustivmindadbo-yeanmskad)strioke has
ef-grr treat nent o on, f r advanced caroti d
been estisp 80 PN 71 Rl D000 bl Yo s pedinegine exentmdnarilio

increases ﬁeﬁf @BYed O&i% irysur@ay phiferitd) @ndjt strBRe ﬁkﬁzta%% froﬁ? Y8585 5.5%: and
arge clinical studies, including the North American

Cerebro""‘é‘f/‘%‘teé’ﬁ%tﬁ increasy Beme - 2hda s t5¢- eEcermsfymmomw PAUSCETith gtdater than
60% stend¥3s/ %taggﬁtghtg risCRF il d%gli')g{} %e%tgire ?rol% GSMlplg ?%At%%t d to be

and t heé Eur opéan Car ot ery
5.1% for fragiealgiationts, tChmalpdcb@ ¢ thbrfer thosestirggurddf maﬁéﬁllyy Me@ues, é\h&nce

sssess 3l e BHASHSHBIRE G50 o S b S et of

adverse olite66d inGBaliwbrid¥pp¥€aion| Blih&fi n&%isﬂﬁethgﬁﬁ RS
estimated to be }f7% Sur gery 1aI SO Increa Oes tﬁOfldemf(fymg

those for whorp diju bpesftids Meehevent s; nortality increases from

0 r tient or st
T G T —
therapy canmenitnpldntenteda yelsd, 126 Widh. cafdié RisEula Gisersy, s@ARS RNMBLL Y patients

E atients wiith greater than
to be diaghosed much earlier in'the development of disease, enabling early therapeutic

u

intervention and much greater risk reduction over time.
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60% st enosi s, the aggregate risk of stroke and
perioperative stroke or death is estimated to be 5.1%
wo eooseen7gd cal patients, conpared to 11% for thPEBUS2004/027171
treated nedically. Mreover, evidence suggests that

adverse outcone estimates derived fromtrials
underestimate the |ikelihood of adverse outcones in
real world application - further increasing the

3. cd ABNCE 1Rblehdgatibdyi ng those for whomtrue benefit
'S % Y. g of %ﬁé‘instant nmet hods w Il all ow

Theatarient wchmquse, hethods; armbaspsdedf the irtveatiort descratpdrabpré enebe

. h i npl ted, Al i t ...

implemeriel 2R o8 B rile B S0BP G paseh MR il sy ety

computer{b@sddesystemg AAG AEHAUE tant dse @ to dugniehtordRUel @ pRERihctdnality
di sease, enabl |€€% ear I[%ltthera eutic intervention and

described gheve, iceassethe spegd af adirarthe finglens cap e perforgegynd provide
additionallzfgn%iﬁ{eg 204 AeBETE y%%f@ 0f:Qa ddition &th@é@fﬁ@é{fg?ﬁ% ggrf:ntg)nn g

enent at'| ons. e various techni ques,
described atspehérs imfhit deruimeue ¥ armms demputebbated ks aretiods and

. i npl enented in rt or in,whale using conputer-based
implomentdfBpg st FOHES AR o ORI PN BaH BT Y BSirs
THeY kS B erabeHimnBith AdSecta AnPRatSAD IR RVEIRAdeRLibeN IR Snay be
the functionality described above, increase the speed

implemenggd wgingcherd wiase fsofiveicopia eembibeatigrahersehand manke igndemensed using
e _ C . : .

= compudi B RAYink B o s RPE T X n DR Bh b gl el lgments

are implembstedhsing a iprocessosbabed sysieth capddld aflcarrgingput e finasionhlity

.. .SYySstens, t hods and _ i npl enentatjons i.n accordance
described Jfih fepeit %gﬁ%g&’&éﬁnpl&égg?eé%‘ PGy stemenelBdFs Ane SE ALY .

processors. "Eachrb@4sor RAHENENoS congR@fitation®s VEdsussefwafe t he
i nvention described above may be inplenented using

embodiménds awalescribedint twemseof this exampleisomptico pystans r Blagf enalpadlinrents,

s, 8 A SR e 5 M T AR, BB e

computer 8} /B BF Procadser drbiicei@Nbesh Apirtigular @eRLias SHterRakefict, given the
. system capabl e of carrying out the functionality
instant degrgiptionib Wilhpe #rrEcapioa Parsdralopdinggy skilliphegelevant art how to

implemenl tHXGfveBbn *ﬂﬁ%g gﬁéy SdrfsBer U PSR Ssof Bisedis dﬂl?{;)‘? grchitectures.

processors. processor ‘I's connecte
Theormmious ©eidigresjusthodéandaspests df tha ieventordatcritedt abowe ean be

) escribed.in terns of this, ex e conputer.s em

implemenfeiB g 56 Bt € 1 SarmhiteBoRiR Ty e SRR A g ey

computeriba¥eRNy/ktems afd fdthsds &8 ise@td ApnRhEoN@haktS RN orRNLA
particul ar conputer a};t em or processor architecturé

described gpovsn ingrqsse thie spdedrat viptahahe fmctgnstcembe perferaned, angl previde

... t i i j RTY .
st By 13 850 SEBTELH Ol B, PRSI efon
describedicispivhere it tHihidodumeantVaious sbmguted-baed syumms, afetlaxls and
) processor systens and/or architectures. The various
implemenfalions nparserdaprs HEHE e abee-¢crspravadsednology arerpsnptessited.

THESEHLLEH RS, G8FcRE and features of the invention described above may be

implemented using hardware, software, or a combination thereof and may be implemented using

a computing system having one or more processors. In fact, in one embodiment, these elements
are implemented using a processor-based system capable of carrying out the functionality

described with respect thereto. An example processor-based system includes one or more
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i mpl emented in part or in whole using conputer-based
systens and net hods. Additionally, conputer-based
wayaseardand nmet hods can be used to augnment orPENOSIN0€027171

the functionality described above, increase the speed

at which the functions can be perforned, and provide

addi tional features and aspects as a part of or in

addition to those of the present invention described
processorS! EQ&'H"'&B@es‘s& ib Bdnﬁlegt@@ WEEmmyﬁEét’fUﬁS’mﬁoWBﬁg S k?tgv%

systens, nethods and | nplenentations in accordance
embodimgjits pretdescrilisd e tats of thissaxamplsiooiputey spstemndne pmbedinksd,

nd f
features, a-l;nie :ioglgiﬁ eo?g% %& 23}512 gn.?]%; fgauq%f: ggﬁﬁgﬁdseagﬁ)rh@pamcular

computerlwstdmarr @rocessot WRthecttt ofoik @ FRitivalut Qﬂ:ratthfgfsﬁﬁﬁma g f4¥8iven the

be. inpl emented using a conputing system having one or
instant deﬁ‘éﬁl@oﬁr i 8‘@@ g‘% ARPATgN, 9‘? apgrson of sdivay fsBhintanrelevapieaschow to

o i3 O SRS 8005 AR s
Increnenal, bguioassson-basedpgsteminieyriatlode Amabxaambrey, preferably random

e A TS BB USh S SIS0, O TR 200

disk drivesy t@p@&ﬁ@d‘s et ovable et He diifed(eRPRiabRIdr 9 HBle ﬁ(&ﬁb&t&vwes
software enbodi nents are described in terns of th

and tape @ivgyftia-ROMsrtves. Ry BRidaives, floapx disk drivesn pptical dlé)aﬂUVQSsefC) In
alternativé @gb&?iﬁ&hfsog&t)gc?%y ir?]f; {rfoggs fn@féﬁ@ bls@Paded stto¥I 2 deyiges for allowing

ecification AU ONn & part
computercpm‘grama'e pr sthet iestr@tions todaes:akberd @ (ﬂﬂi‘erweﬁtlwded Qito €He cd@mputer
particul ar operating system In fact, given the
System. ‘st ant description, it will be apparent to a person

AQBm?ﬁt@f §atam §kihk |1n\)eﬁt1(§1f‘@anra?§oelﬂé’lﬂﬁe AESmBAW chifons interface

enent the invention usi ng ot her COfT'pUt er or
(preferablplrcsm@g%bip vgihsr telesommanisations ohivark) torallow spfiwgerradalata ta be

transferree rtc9 ?ﬁ%%l’? Q{r bgfr%‘gegg 6hr%y cogn g{éeg gys nel éjgxaeq:&l%lngre %ﬁgengg ﬂg‘}éﬁ:eﬁo

Examplesl ofccbnﬂm@mmm infepfacesdhéitde BOGENE] amgtWRRDiterSice (such as, for
l.uding disk drives, tape drives, renovable storage

example, g fitbégle( garg), 2 ComumypAsHiRnsRort: ahEMETA sigbfrst gardiei. Seware and
data trans?e?l‘édt\fi’@@orgﬁlhﬂﬁ&mn%tm Q\'&é‘f)@?n th@\fan‘fj 5§ Q{Eff:‘a'ls fhhCRRY%e

drives, optical disk drives,
electromCablt‘:@tmmgn@EC eptiod; orethes sigaals ommtwofrbemgrmmvadrhyl thele

G5 188 SRS B e 0 L B GB Ferice v
channel tiat bativs s ndl@éxﬁﬁ&nlb@tlﬁplehﬁnféﬁr{ﬁhhg%rwmﬁé’%tn%&iurﬁ WitdTRELIE! fiber

system of the invention can als6 include a
optics, or eﬁw%wn@amcéwsmﬂd@m ademe exanesiles efifl shapweahieciudsiagohane kne, a

cellular plg)nteg n?g nlgnﬁanse?%?rrkgg{ewgé( %Ir\% rgﬁhgrlo éro Wmﬁn&é%i"?an% el%anngls

In (tluﬂ‘pmtlﬁmerﬁ,ythé ermaNebngiger Peogrih HreMiceTand thalighd Gasrally refer to
f conngnlcatloEs |n erfaces I nclude nodens,
%ﬁ?f@g

media suc aﬁé ¢ devdces 8 dis cggab qgrlnst@;@élﬁmnédls]éﬁrlve and signals
on channdEt Tﬁéﬁ(%rrﬁoﬁfeg bro éﬁm‘? BRIAUES Sgntvﬁd%rl%ﬁ%fé or FRogtet{ThéRtiGs to the

and card, etc. ftware
computer processor(s) Computer programs (also called computer control logic) are usually

stored in a main memory and/or secondary memory. Computer programs can also be received
via a communications interface. Computer programs, when executed, enable the computer

system to perform the features of the present invention as described herein. In particular, the
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data transferred via comruni cations interface will be
in the formof signals that can be el ectronic,
we@bk®@snewmegneti c, optical, or other signals capebiUs2004/027171
bei ng received by the comunications interface. These
signals are usually provided to conmuni cati ons
interface via a channel that carries signals and can
be inplemented using a wirel ess medium wre, cable,
computerfpwg%ms %Heh €Roculd, @ﬁéib%th@ ?fH&H%bR@ttb %ﬁomﬁietfeamé@ BBthe
exanpl es of a channel -include a phone Iine,
present ingerition] ccerdingdy, Icomiputen progrnis rnmese@t pesttindlers qf itheegoinzuker
and ot her communi cations channels. In this docunent,
the ternms "conputer program product” and the Iike

Ingambediaidnys wigdre thetioventied isinplsliental usdipiofiolaee, sHeof@are may be
devi ce,, a di sk capable of installation.in disk drive,

stored in, g, pansitied Wa, &FPrRNKeT REperanpEedkct YK grded infosgrRuier system using

~any sultaﬁ?é @éi}t’&etcﬁ cBFMIrs&tiS R f¥afaee. Whe%o%%ﬁﬂ‘gic@&ﬂvv&gj Wl%n bRecuted
conput er processor (s ut er —prograns (al’so

by the prcmassmé@ cagathe prasossor tol per gna:l)e etians wAHeyinvestion esld¢saribed

v, 15 AR B SR B e R b psvore

ora comblﬁueﬁ Bﬁﬁﬁdwﬁtkl'@dtseftwﬁfe@&m@g‘,fﬁor enhepleg KaaWwhRbonpoaditesuch as
conputer. system @grforn1the features of the
PALs, aPIgiKé@%‘h%PePlﬁ\?éﬁﬁeg@Fﬁdéémﬂ’é% Si5ekiohethes hardware sampprepsar |

Implemerﬁilfon%% a\ﬁgd&ﬁag% étg%g%%?gg% gé%@fyx@%ﬁé %cti&%'ﬁ%%’étgﬂeg gerein will

e processor(s
be apparep@nfpemnn&di@lédsatthﬂskavaﬁtam@ present invention.
Accordi ngly, conputer prograns represent controllers
of the conmputer system In enbodi nents where the
invention is inplenentegdAMPipg software, the software
stored in, or transmtted via, a comguter

Tfprfy@@@\awg Frewplss asgrovidadtodllnsita essiginaseects gkihe prasentigyention
and to a1d§g%ste?)g ﬁlflgg %ﬁg&%‘%&h@?ﬂ%@&&%l Ph&e egj}%%;/) ?%lge' in]:x%%vay to be

system.

en execu

considerep toliisioy {cope of the Sisentibeinpngoesaar to performthe
functions of the invention as described herein. In
ot her enbodi nent, the nmethods of the invention
I mpl ement ed prlnarlly @&mggkqmare or a conbi nation
of hardware and software, using, for exanple, hardware
conmponent s such as Egusjianpingatuon specific
integrated circuits (ASICs), or other hardware
conponents. Inpleinentation of a hardware state

This exanif€ fdsBEbs Ge tsiall parikail &b prefetied fedhitjhdy Tor F@S@sfsinlgeﬂhage data in the
herein will be apparent to persons skilled in the

context of thisdyvgntionyingluding pyisgradpdionTdimensiongodustjomaathit ddre gracessing.
provided to illustrate certain aspects of the present
invention and to aid those of skill in the art in

Apradﬁﬁsimghmﬁeninvention These Exanples are in no way

Cc%rﬁpogﬁfl rrﬁ:gtﬂ-?‘il rGarste gnages welré1 ptroctegseedsfr? 8P(E:r to re uce no?s\éeag'c;i |1r9[poduce
smoothing. In each case, the image was first median-filtered to remove noise with impulse
characteristics, then smoothed with an adaptive Wiener filter that adjusts to statistics in the
surrounding ‘N’ pixel neighborhood. The mean and variance are estimated from the intensities

‘@’ at pixel locations n;, ny:
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Exanple 1 | nmage Processing This exanpl e descri bes

several particularly preferred techni ques for
wEe@sessdng i mage data in the context of thi SPCT/US2004/027171

i nvention, including noise reduction, dinension

reduction, and texture processing. A. Noise

Reduction. Conposite nulti-contrast inmges were

processed in order to reduce noise and introduce

snoot hi n [ nvepeh cas ih S flrst
medi an- f | 4€aﬁfbm$é” Ve @.ég?zf " Rpulis
characterlstlcs, then snoothed with an adaptlve W ener
filter that adjusts to statistics in the surrounding
TheBE esBilnes afeeihei baidho assignliie paRadRicR i ty aIWRAGEIRL e
est i mat ed fron1the |ntenS|t|es a' at pixel locations
ni, n2: 29 /O%_ /§8%004/021171
,u=(1/N2) 1 4 ﬁll H62 =[ITN'S K 172)-,u2 These
estlnates are then used to assign the paraneter "b' to
A 2-dimengionab prapolution avas performirdron qagh image (intensify(rdgne, witiRthe cadfficients
A 2-di nensi onal convol ution was perforned on each
image intensity plane with the coefficients b above.
B. Di nension Reduction. Because of the nunber of data

poiﬁﬁs and vari ables to be processed in order to
' = s of noi se, is preferred to

I edygRa e HeTRiHeP Bfa!ialt{l { s ahdl @Sﬁ%;lc%scs be E)R)c%s@gu? order to

_ fewer, but nore statlstl y- Si I cant, vari
minimize Gheeffoets Oénaisy,st is prefemed tp roah@e tlie dmagzswmimadfsthe datpsad ytedeate

fewer, butgrgﬂr&sga? a@?;-s%u ?n?% g’hﬂ &Elﬂﬁ%rr% stlsr1§a %vxély ﬁﬁgf)f many methods

employed3akddens n&@@éﬂd&ﬂﬁwnéfo&&@ﬂ& reliiftaichBiditddyRamR EMBRhsBruftent to
a clusterlgg algorithm |In such an algorithm 'K
its most saljeat featiresr &-Msanbelustering wene exanple ofmelesicrieg algerithm. In such

an algomﬁxﬁe@é W B3 3RACRImbA GAL ig%pers bR a&n &ﬁee@hsqﬁ«eaﬂhé ts?’we) {?c&mns

est| mat ed cent’roi each ass
that are leastkdéstand fromnthe estimatedstdntratd afreaclt clash.e Tihismﬁracb ﬁﬁikES)&Idlﬁltlal

estimatiorﬁ%g]g&t ggsncergq%aggltdﬁéﬂ%&gg }rﬁh gszl?na%%régq%égﬁggg . a0 drsc{1 1%_3”‘[0 updated
class menitRishipd! TEBthABSd MAkAtantilGialdstHaBbn Qtecﬂé Elﬁb@ﬁc&%ﬂs Qﬁ&‘ then re-
re- estimates those centroids accordi ng to Up at ed

estimates ghoge eentrpifs @cetiiling to Tpdatest dars nmmd@rﬂhypSng t he K-neans
3 SO G B A
i.

b above.

ALt al
select a number of clusters ‘k> with 1n1t1a1 centroids;

ii. partition data points into k clusters by assigning each data point to its
closest cluster centroid; |

iii. ‘compute a cluster assignment matrix; and

iv. estimate the centroids of each cluster.
Steps ii-iv are repeated until stopping criteria are reached, typically when the members stop
changing cluster membership. See Bishop (1995), Neural Networks and Statistical Pattern
Recognition, Oxford University Press. Exemplary cluster analysis results are shown in Figure 7.
From the figure it is clear that some clusters had high correlation to particular tissue types.
Texture clustering produced results that were visually quite satisfying, but statistically not as

good as a predictive model. The K-means cluster categories were thus used as inputs into the

30



ii. partition data points into k clusters by assigning
each data point to its closest cluster centroid; iii.
W@ ovpHeE9@ cl uster assignment matrix; and i v.PEFUSU84/€27171

the centroids of each cluster. Steps ii-iv are

repeated until stopping criteria are reached,

typically when the nmenbers stop changing cluster

menber shi p. See Bi shop (1995), Neural Networks and
predictivesmati¢lst Otter tdeds knomm in Rmmfgmay hled be Myddao deduoé ﬁﬁ}xﬁéillsi‘onahty,

ess ust er Sis resul.ts are_shown . in
including 4o shes Al Ephibe s o & pml e dubv Tt R Coely of the typical
artificial ﬁélmﬁtrﬁf\ﬁork@dNN) @hithaBE stabifity GfhidrarcRRAL ﬂe@ﬂﬂl?f es (B&SUhite, LLC
es Texture clustering produced results that were
software \i%ngSF’f)y Ag reaults e @flvlaﬁ@p rODUnessaracxmsqzctaﬂyyo thote iaputs that are
tive K- neans cl yst.e
known o8¢ 585 BreRich L Bt SniRaEo s, P ik B0 oy SR80 rpgber of the
most useﬁD&ﬁeﬂ&ﬁanHﬁEﬁt PO/ tﬁé’-ﬂﬂ;ﬂél TRés8 @iepb hlYVSW fH&qfﬁfTLJN ‘training stage
O her_ tool s L;ovvn in the art tiéldal SO be used t

to focus qneprebleps Wit V@ﬁa}mwonalptﬁ@n@ Bl e%@@nb@@ﬁ@@nttmarameters
r
oS AEEKIE L SN RECE el LR PR U bbbl A

Independemnmntmt Atredyssst Bellland Bejabwhitigt %HSQIthZ ct'@ﬁ;lfmazquﬁ $ol
LLC ftwa t,
61125 FRisF i ntirmatien Bt keBaC o 976 Bt oEhm bl 67000,

that are known to have sone predictive power on their
ovvn and that may al so enbody a nunber of the nost
g nonlinear effects in the nodel.
t.0, f ocus, on
T@ﬁ? ﬁ%ffém% EriaBa g WNal! B RAARIS o i Fof
example, nmsblle aedcoliagencus tikeiep arearfieh etriatedt hfhﬂe 8d6HN 05 appear mottled.

d. Stil] er. techni ques include Principal
There are sg 130 e B AL e o e PUCD RSN i hehematica
correlates ﬁtﬂﬂas ATernRRion Q¥EKht, §ﬂa%§f’§req Héﬁhnm%abn@}om\(r%nly used
7)6:1129-1159), and 'l ocal orfmation netric
cla351ﬁcat(1¢1|adlamng§1kshe$28 (ezg@l?@measamsc HereEEEQ clasdes 06@({61)6) meﬁures statistics

ures.y TIS es.and ue nts.are
on the loc\-zgffsﬁtegl l?)g/b%%%l sgﬁ é% lflrgqgipcy,h\g?r? %feé& tcﬁ? th diixel measures used
were stanéatd mheucanthﬁesa apbliedltd agighsUiBodds 9§ Vaoud rs&leAQﬁbcrete cosine
striated, while necrotic cores appear nottled. There

transformyyas used fooyeRetpte AR Emaleiof patighsnepiralieapray dor hask txieed “But
orientatiohd] eﬁtﬁ ck&ERPI! £5ixDBYE FBL;E ﬁ@ﬁfd 1?1?4 detdi Phds%@ Sg%a(:t‘g‘r &)rgrgoqgor?gf

i nformation content, spatia requencl e

energy in highthspatalefresjoammbes! yfhasesplressndsram aR2DACTan di stingui shes
28 texture neasures. Here, two classes of texture
nmeasures, statistics on the |ocal intensi ty

vari ati ons andz 1s tial frequency,
Statidtj A, iy FES bisad e EMWJZYGS %
stati stl cal quan aties, applied to Qlfgfhéd\’hé ds of

various sige screte cogjn nsfor was used
to ger&erﬁjf@@sﬁ mat e th §Fa{t ect ral energy for
o/

both ° Ml<p<M-1 «/2/N1<q<N 1

D. Derived Variables.

Derived variables are synthesized from basic entities purported to have predictive

properties. Two variables falling under this category include products and ratios of raw variables
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orientations. For exanple, a pixel area that is rich
in fine detail has a greater proportion of energy in
wh@horo7spat i al frequenci es. The expressi on foPCHUSID04/027171

DCT is: M1 N1 0O << M-1 B=aaAcos n(2ml)p cos

n(2n+1l)q rir n ~r Mh zMzN n=0 1101 0< g S S N -1

1/, [M,p=0 1/N-,q=0 ar =, a= 2/MI < p SM1 2/N1

<- g 5 N1 D Derived Variables. Derived vari abl es

| r [ t

and other %Iﬁgaxegel;rivggo% tﬁ&ﬂr Orefeerdtagyetgﬁe% TRR s 28 ggﬁagﬁ{alhgﬁeé Rulld¥ehave
strong dlscﬂlmmamy pgwetymclludd: (e ‘Hao ﬂ)ateb&;r dnttfined aothe oeitlormﬂ(/TZ that is

. bl 2005/ 020790 U Q4/.0271 and
wseful in Q3 {fedb el ioAtss B2 Gresy AL, BCo S g et Fipisanes
informatidnyiB 8 r& asHedih1€ o poreAtvO; Sﬁmh%&qﬂﬁrmﬁﬁérpﬁ Qtored as two

di scrim natory power i ncl'ude: (i) a "Fat Detector,
color-diffesenqernotnnesenth €Ch, 4ir). brepresentsihe differengs betyyeen ithettthae component
and a refeFeﬁLg gz%lhg.nC? ﬁepkésgﬂtg the dgffér)enc%rbe% tﬁé) ;ea One}% a reerence

'S Tormat, ance or ma I'S
value; ands(iiiH ecalenpiroenént (Viiablg hdsedronahe gafm@rld: ﬂfsﬁhwfrbmnhe Kimen

ored as_t col or-difference conponents (Ch, Cr)
boundary % S‘Pé%ﬁﬁ% ROFRRia{Ly Yalpahle E0age (WS FIREEUFAT 8 Table 1, below.
conponent and a reference value. C represents the
di fference between the red conponent and a reference
val udabint Exanipjesaflimegel presessing maniables\and itrandfermsbas ed

Class £y anpl es| OF™ ¥ Rer potentially val uabl e i mage f eat ur ds

Textural M@suges §1 V EMidan, Naihee, 1Skeb/e| mﬂxanTamEeeQ&mlExnﬁ@é € Mifium,
| mage pr q@mm gtaydarﬁ,g &Sk Khﬁoasgio% F!%omé?g?jéomem

Transf or asurés

Textural Megisiitsan, || Disceste Qoping TrausfernRayavgtst tranfermpnorisntatioax i num

Derived VasiibRdar lﬁiﬁUS' (é1£ | "ﬂVTZ), H@tﬁlﬁ@frodﬂﬁﬁ&@&ktﬁnce EQE aleri RO TAT TjON
Content avt ur al bacuraos . SCt nfgﬁngl ne Tra_n_s_f__g_r_p]

Derived Vaighles | o tl}%tg 8??1‘560166;1?"8?%?%‘10?1% Derived Vari abl es

Dimension Raluétios  (|eK-Ylegns TChsRing, #iigipalncempfonay | lndvpandentli e
fromartearngﬂ ks wal | Derived Variables RGB to YCbCr
~Colar Axle tatiopn Dinension Reduction K-Means

Cl usteri ng, Princi pal conponents, |ndependent
Conponent anal ysi s

Example 2

Predictive Model Development

A “model” is a mathematical or statistical representation of data or a system, used to
explain or predict beﬁaviors under novel conditions. Models can be mechanistic (commontly
employed in the physical sciences and engineering) or empirical/statistical (wherein the model
predictions do not purport to explain the underlying causal relationships). Two relevant
applications of statistical modeling are to develop statistical classifiers and predictive models.
Statistical classifiers are designed to discriminate classes of objects based on a set of
observations. Predictive models attempt to predict an outcome or forecast a future value from a

current observation or series of observations. This invention employs both types of models:
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Exanple 2 Predictive Mddel Devel opnent A "nodel"” is a
mat hemati cal or statistical representation of data or
wa2epmeeEn) used to explain or predict behavi oPGT/UAZIO$/027171
novel conditions. Mdels can be nechanistic (commonly
enpl oyed in the physical sciences and engi neering) or
enpirical/statistical (wherein the nodel predictions
do not pur port to explain the underlying causal
T § i i i of . ..
statistical g@%s?lﬁér? sté sQ(% 0 dcel% ‘Q’HE E‘ggﬁg\é?%&(ﬁg\?eg&éﬁ og%fét?{]a}tdipg%c}mtwe models are
used to predietsriskf aﬁb&aaddwﬁr i e&hrhyle dliﬁ@iéb&ﬁculaﬂlmaiss ((E‘(ZED

cIaSS|f|ers eS|gn crim asses of
Thepyesessof e de ? ?ﬂen So‘H‘s, Prartrcsﬁg aprﬁsﬂe%% pisome basic
procedureg[iﬂ%n%teﬂtst:ﬁémétlc%@y Bl Bidinel, &R BHhERI® tfficdl HdaEPddveRpment

future value froma curreént observation or series: of
efforts. Ftrttseméchnm@taswgst|bn\¢emsrnugnqd,en¢u@tyls alseti¢s afyppesgvasfons

" d : 20054020790 PCT/ US2004/ 027
(“patterns PEEITD R QR A RE S Uhsie St eiepldind TR goseruaig reforred
to as “labélétﬁ’ @“aage” eAoRHNBNFig; 4,and 1merhccanlzuceamu°d@b5co@wucuuﬁ ado,
predict risks associated for exanmpl e

This modglfegivede biesio BrGb i ¢ trigrs) prediﬁfévepmee%s d'hgmogglfs then used to
classify n«%% n@r%ﬂﬁ%@ﬁecﬁ?ﬁ@é}ﬂsc‘ Mﬁdélta@?/é? hdrft W Ste %R{e'rﬁﬁlte'p Shesd

basi c ocedur es rated schenati cal y I'n
variable cféatjom, eeldstican;, modeltraiming,antl gpaluationyraciddscrieeddiebpye nt
efforts. First, a nodeling dataset nust be
constructed, including a series of observations

A" pDdReNSonstratibdknown out cones, val ues, or cl asses
corresponding to each observation (referred to as

The|fggiestapdn they model bydding peicessdy generallyitg assgmblerlkthe gvailable

facts, meargrlgkgfn?ﬁtrs & éﬁl?eg r?afgfogrggl t I%’gﬁlbblé Fegéx}ngtoﬁfx? grlorl?],egﬂ %t hand into a

dataset. Hatle dEIcOtdl meheminiﬁet cobiespandsl & all the ahaitablesiafbrinatiorcdas givey event.

In order ()P 7 SREHE ROTte (HEERaLsS pioulhby SptUSHardar pdsst dorme

records mstﬁé &850 Nin rﬁﬁﬁ@r{laﬁcfaﬁﬂeﬂhi‘ the ﬁ%t PHEsUREhOthe d’éﬁendent variables.
descri bed bel ow. A. Dat aset nstruction. The first

In the exagiplgrpiphcativa o6 AdP risk ptedrcﬁgn,ptangefe s8n bg sejaping @bqudcphmcal

outcomes %?t%gfg%g E)gg},t%%im%lo r1@ ?ﬁ éﬂ {ﬁegéo%}egpgeélﬁ rE%Petcﬁ 1on &ld analysis

(e.g., clasﬂﬁé&@ioﬁmtl@d tafg%tbcbohi&!:p'bnd to,dabR@nples, bagesnaRpsddyl dhuinhe expert or
dat aset _corresponds to al|__the availabl e infornation
validated By higtolfpsiesh ceaaingtion. | iewe ddHustigics tha dpialapeling Rrpgesgused in one

o 481 1y SR M B S0 B

exemplartog rtnasung drantpde, géhclvearh uml td ehinntest, bevadepertbemodel. As will be
n he e C a on

appreciatell W prgifutet A patie ShamPatepBids itk oadina i i f s ca

out cones data fromlongit ud| nal clinical studies. In
t he context of plaque detection and analysis (e.qg.,
cl agsJ_uMnt;ttmhe targets correspond to, as

Asefﬂaﬁpgteedsin F}@H’g gf,sthe mgfeﬁl%mtﬁﬁor?o%g&as %Pc%ﬁg/ iff¥fiudes data splitting

(step 420). Most model development efforts require at least two, and preferably at least three

data partitions, a developrﬁent data set (data used to build/train the model) 427, a test dataset
(data used to evaluate and select individual variables, preliminary models, and so on) 425, and a

validation dataset (data to estimate final performance) 429. To serve this purpose, the initial data
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val i dated by hi stol ogi cal exam nation. Figure 5

illustrates the data | abeling process used in one
weemh/ozppd i cation. In this exanple, each patt epPer/Us200€027171

pair is commonly referred to as an exenplar, or

training exanple, which are used to train, test, or

validate the nodel. As will be appreciated, what

constitutes a pattern exenplar depends on the nodeling

are randoﬁhh))l' ﬁﬂﬁ iﬂ{@ thrée ddRab®, WRlchdb 'nBQnec@&ahiy' Hd% E@Ia? glzéé" FFo'r Gidrfiple,
| ement ati on of nodel s t i ncl udes
the data efghcbeaplt 10% gVl qronep (220 75 tosk (43N 280 ohisfabon{429). The
[ t d L I L
et B8 S LGB 20 LS GIAR Bl e
test data (428)ds tedbaidoditor iasues tind asade byerd@iing ﬁrdbmﬁs zcba,tthémbdel should
- dat a,used to eval uat nd sel ect
exhibit QR blA REIOTRAEIG YAt (e G PaeTa et {5 D stdata sy, IFa

model hay ﬁipbﬂ&tﬂe%nﬂﬁ{c@%ﬁtde(féiéﬁrﬁeﬁt QAaudatBtild kst data (425) the model
performance) 429. To serve this purpose, the init

is adJusteélatlfal thampgsl200isy GAGIbOPeROIMBZ004/ 027171 are r andom y
Tcﬁ%rifif tﬂa@{ 2 ntl&fe? 3/11?@ Bt Rex J]?rggn}ﬁg{le rcl:egeeng?atgset ideally

Sizes. FOr examp
some fracsiph bf th5 (ﬁ%adiea/ﬁlt aadem1el§14'&7ﬁnal ﬁﬁ%lt\aﬁﬂat(diﬁ@ Valﬁiafioﬁ@%‘ hold-
” val | dati-on ( The nodel is initially develo E
out”) datq sef (a)él%qs(g ﬁéﬁtof&g@rgpl(s potfsrns thapwersdief peddo train the model. A
complete®@RIHA AR MR tRAsE® schiRShesd hh “ﬂ% é&%@ﬁ'mh% hmhé flodel
I ssues such as any over-fitting

might perfythelh sedringl dvelepattietsist conpar abl e perfor rmnce on both

| 7 425
P N SRR R shifEy R abei it nvedatan 2. 0
verify the(s@a%ﬂ)ty bEmatdl \perfoimirRs bvélainge. (Additiondl P@atABSIRting’1 i§ often
justed until the npdel achieves stabl e performance.

necessarwaer ipete; spphistiggted medekipg aretligds, sugle py ruilastvioriber ssactn
algonthm@ny or &QI%BFC” st o Q&lg'%let&f}uﬁcﬂlg?{éﬂ ire ?.92%)&%1?1@@ gia?i setI tge

ta are sét asi I ha i-on.
monitorth\epragneshmfmode(opumhaﬂlm out") data set 429 conS|sts of

et of exa atter sthat not., used to train
B 3 P o S B S b 2 a0 o
Figure 4. 98 %@pkb@‘éﬁlguﬂ% %Bj’é‘@tl#@f(s pRIcRFon dnd t%hb%%ﬁitlﬁﬁ‘ﬂf 888ain
node m ght performin scoring novel patterns.

knowledgﬁu R@weiata wdies dapot necassaslysmalesythe bept modelavarigblgs dictoanany
reasons: da?aqg%tgfepg{snﬁ?n-ﬁ%'eH@%l&@s ﬁu?gs%ng va'l&lg\a{,eatrn'd d ¢ ;;J{tetr]se,3 g%r:egcgmlpie Before

ornence over

running tisephodeling gl})glct vanfileyofionaresd fbierebrebtedor Bastihiedttd Sakethe best
nodel i ng net hads, such as neural networks qor genetic

usage fromgthofqrigRon ofediens rhp1ag01ddbsdensadrace h@t“teé'é Ae nt data, test
data and VaB8tidnad) ol GRL s AALLOSH lo?ﬁtvﬁllﬁ)?éf? ty ly BEO{eki 04 frBllﬁe

progress of nodel optim zation her aspect of
developmmmtam@pfl s variable cr eation/transformations, as
0 of I n thi roce

I e By B e S ke o oY Bt by B4 modeling

process indRIIBY fhe step 440 of variable selection. Thereafter, the model development may
include training of the model 450 in conjunction with testing of the model. This may then be
followed by model validation.

The results of the model validation 460 reveal whether performance objectives 470 were

attained. As shown in Figure 4, if the performance objectives have been attained, then the
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know edge. Raw data val ues do not necessarily make the

best nodel variables due to many reasons: data input
W@resH0sg79non- nureri ¢ val ues; m ssing val ues; aPdI/US2004/027171

outliers, for exanple. Before running the nodeling

| ogic, variables often need to be recreated or

transfornmed to nmake the best usage fromthe

i nformati on coll ected. To avoid the dependence between

modelmg‘i;@d&ls@@ @ HinAkat i stepegD, SHalia tl?é”'ﬁiarfb%hh&%tdbg&tlg@st 1idt b@ bétained,

the transformation logic wll preferab deri ved

further depplopmenteafdhopatal mayeheaepreg. Acsordingly rﬁleet proeesaof Rigure 4 may
return to %tée;ggg d%r:{yﬁe ?f%gﬁef ?/Eﬁgalb?egérr%a?ggz)r Iﬂ“ﬁ% f&g\‘gatl%[}%{n orflerg E%e efbetter

performamnar i abl e sel ection. Thereafter, the nodel devel opnent
may i nclude training of the nDdeI 450 i n conjunction
with testing of the nodel. This nmay then be foll owed
by nodel validati on. T@gmgﬁﬁyjts of the node
val i dation 460 reveal whether performance objectives
470 were attai ned. PlagussGlagsifi¢atioRi gure 4, if the
per formance objectives have been attai ned, then the 34
WD 2005/ 020790 PCT/ US2004/ 027171 nDdeIing process is

Thisexaniié eebeiibesH @pfeA8 embbditledt 6fBe BREAMNNMBA8&ecting and
ectives not be attained, further devel gpnent of

classifying pladHb S NGNS Aegiicredniialici i s rertsd tp Podiaga srstem
using a sek bgﬁBﬁeléf&Wtecﬁx‘%ﬂﬁé% ﬁe? <3 ?Qne%%’soofsa%e?oc‘scf&oﬁ&jﬂé(cﬁeqﬁ MR

variable creatioh or t ormations in or
(magnetua@mrew) maages of ere!lVb blowd rveﬁclsEﬂ“dmijsEerB alsPldeiguted arterial muscle

e R B P T S SRR B 5 8t oy

be identifitdas meflmlag@arm PSR HisddhGstinalel 86 bEWm il STHid @fsfem is fully
Initially, effort was directed to building a system

automated,gpe én thissexampte, thsdalyshyresn igkeresatipm i tha detectiasyand analysis
process cﬁﬁé;g!%g%';ef cdl ecﬁ&pgf l?ls, Y‘Av? Bl%%}lé%lgq’%&%ggce d&tﬁl\%m%lﬁn%% Sl%sgrr;i;{nent

I"00d "vesse
Using thlsaﬁyts‘@:mj atsmmia&reklaﬁh (ﬁlsupmfm kethe pedoteantcdaf a hmhﬁnexpert
th the & i pi d detection systens,

radml‘)glszwaﬁﬂ&g eyl dn plafye MPentified in the i nage
InRd eRArRSIY! %r&iét%%@&etlé \W@Je%lrfee t(l?ﬁie QﬁRH{e@q{lssu-mﬁlﬁes glaque

systemis fully automated, and in this exanple
lipid, and @msyleh Jhenplagee deteciern W@rtranmedt tmmwelabeimgoxf tlmmcamm mmgss that

a urln [lection o aw
dentified PR R T b Bfeloh S i b Rl oGRS i
could be 1ﬂmtfemana]@kﬂéd £38e hftis€le Gat@atbr BrusédiReskbirhtetattetiflomall tissue from
formance of .a human expert radiol ogi st was

other parthat g ygieh shopndy the iB8agso edsitianahmedels may ibs devalppadrp detect
calcified t?s’ééfmﬁﬁrgmb% e Glky ﬁoﬂ"P ﬁ(l)légl\éﬁrn%sﬁersa'\?@iﬂga bRpkOBk ¥tion of the

hrée tissue types:
arterial Walls it is possible to compute plaque burden estimates within the vessel given the

outputs of the other models.

The goal of predictive modeling is to accurately predict the ground-truth classifications
for each pixel of an image based on the characteristics of the MRI image at that pixel and its
immediate sunoundiﬁgs. The predictive modeling began once the image processing steps were
completed and the original images were transformed into columnar data representing each pixel

as a record. Each pixel record contained one variable identifying the ground-truth classification
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lipid, and nuscle. The plaque detector was trained
using a |labeling of the exanple inages that
w0 desoedped hard pl agues. The |ipid detector weST/US2004/027171
trained on a smaller set of imges where lipids could
be identified and | abel ed. The nuscle detector is used
to separate arterial wall tissue from other parts of
the vessel shown in the images. Additional nodels nay
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approachqsrsped Sspleveleaf \mdk leryitraNen tha, ifeift tosbewstimeted automagiaally (unless a
I 3 Oxf o)

test or crog%—??l?c{ah%pr%cgﬁ ég %lg(ﬁ@gu%g% gﬁ]tgpv%é:al (sumg*la)r e 1 rl)é‘%)f signal in

the data b86iB} ;noi?.ewwell Thik 2¢3dRs th dvierf@ras smmtioﬂ (ilnwhjcﬂ ﬁw model does not

. regressi on techni ques, known to, those in the art _ (such
generalize §ol fof %@ffamm%%rtt?@e BgPedaingg dafre dirgsedires rse‘ibsas optimal
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to use a e QlAipt fe pic PRI NNOROB RG] uded
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) data but the noise as wel is results in overfit
aimed diredtky g ideptifiing thhilayhl effreoded d@hp]@mysthabguarantees the best out- of—

sample prediction performance without ad-hoc modifications to the fitting algorithms
themselves. There are five major steps to producing models using the RIPNet approach,

discussed in greater detail throughout the results sections that follow: (1) dataset creation,
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generalize well for information not contained in the
training data. Procedures such as optinmal stopping
wo p08®2(19ve gai ned wi de acceptance as a net hodP€DUS2004/027171

stopping the network training procedure (essentially

a least-squares fitting algorithm at a point before
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Because the sﬁ)ecimens were mounted on slides, which do not generate useful MRI
information, a large number of pixels were dropped because they did not contain relevant data.
Here, these pixels were identified as those for which the T1, T2, and PD indicator variables were

all simultaneously zero. This procedure was conservative, and allowed some pixels with random
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hi st ol ogi cal challenge. Only three of the inmages
contain exanples of lipid, with the inage in Figure 5
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their respective sanples at random ii. Anomal ous Data

Det ecti on. An anonal ous data detection al gorithm was
waoelewslozped to identify outliers in the data. PeET/ES2000627171

anomaly detector was a formof clustering algorithm

that allows nultivariate outliers to be identified

anong the data. An anonaly was identified as a record
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to five coﬂ'ﬁhlﬂummpﬁt \Qirl?éBlles ra@@haisn lér TEbdNFabe@é.i abl e The anomal ous
dat a detection engi ne al so generated an anonal y
variable. The anonaly variable translated the two
d\ Stfnce VIERRNTS SbRbGEARY RIRESNAELAtadd ! all ve 1O
the target=0 sanple and refatrve to tne rarge =1
Nesdyml ad)htuonal@hasd dfkvatiable transfertm ger&tmonahd a pre'ﬂmmary elimination

sf.atisti. embeds r.el ative di stanc t ar get
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i nput dataset: group transforms,
based on fitting beta distribution functions to the data and computing likelihood ratios.

All of the variables generated up to this point were tested for performance on the target
variable using an out-of-sample pseudo R-squared statistic. A straightforward entropy
calculation contrasted the distributions of the independent variables given the state of the
. dependent variable, which was then summarized in a pseudo R-squared statistic for the
validation sample. This pseudo R-squared statistic was not bounded between zero and one in
small samples (because the domain is not precisely the same as for the estimation sample). The
ten most predictive group transform variables and the ten most predictive cross-product variables

were kept in the dataset and passed to the model estimation routine. Only the top five predictive
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whi ch are univariate continuous variables grouped into
decil e bins that were then conbined through a
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| ow or negativle univariate or bivariat pseudo
R-squared statistics were al so pernanently dr opped
fromthe ot entl aI . val z%bl e pool. These
var i ¥b 2o st &bl e 2, bel ow.
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ad
radius to a 9—p1xel raciu ) and alﬁ) wePe included as candidate variables.

The RIPNet™ procedure used in this example deals with these risks by combining the
theoretical nonlinear curve fitting capability of the typical ANN with the stability of hierarchical
techniques. This search over nonlinear combinations and transformations of input variables can
then be used in a standard maximum likelihood logit model. RIPNet™ contains algorithms for
variable generation (network nodes), variable testing, and model estimation.

A typical single hidden layer feed-forward network with two inputs and one output can have the

following architecture:
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Estimation and Variable Selection. As wth nost

W@ 105020790 ecogni ti on exanpl es, there were far POT/ES2004/027171
potential candidate variables for inclusion than
could practically be acconmpdated in a predictive
nodel , which poses several significant risks. One is
that potentially useful candi dates are overl ooked
sinmply because there are too many variables to
eval uate. Another is that if a systematic routine for
evaluating and including variables is used, it can
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sear nI|ne nblnatlons and |ons
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f ol
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As wit (5 bl Ste R 5k RaarsfectiBF i BB Bt S oBE B Bihton
sample to HSEK bikttiTLsamplepeponfiftice A Canditste nba&shat entkiedGhto@RSmodel in
The Rl PNet npdeling strategy starts with a functional

order of thejF walidaged nredictios neéﬁmrngwey&s predictivkmpdgl. Betundppgy ywas handled
in two w% Wifhid m%'&g@@%%%&g@&%%g%% E%mﬁ&%!i‘h&&e‘a e% Entered into the
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model, then aemﬂhhgdmdﬂngsd ashorémove rbduyidant colnponetth oduttiple thresholds

were test b hridial el i o8 brblaspdlBS SPuifie dgimined “desud. s

ﬂuesholdq‘arteb@daﬁeﬁww Sk SR thab Bly @ HEERVEh [eBEthBe 5V ITRAE Garfince
traditional, ANNs. Node selection within a class of

explained by ofhernodgs ¥ythe mopelcontddeiegtared.t he next step in the
process. As with the variable pre-filtering steps,
node sel ecti on was based upon the use of a validation
V. Model Validation.

A final model validation step was used to ensure that whichever model was selected as

the final model, it was better than a simpler benchmark or other candidate models. Data Miner’s
Reality Check™ (DMRC) was again used to test the models in this way. This technique uvtilized
out of sample predictions and bootstrap distributions to generate valid p-values for the
hypothesis that the tested model had the same performance as the benchmark model. Low p-

values indicated that the tested model exhibited significantly better performance.

41



sanpl e to check out-of-sanple performance. Candi date
nodes were entered into the nodel in order of their

wo alosdat7ed prediction performance in a predi ct POBUS2004/027171
nodel . Redundancy was handled in tw ways within the
sel ection procedure. First, as additional nodes were
entered into the nodel, they are orthogonalized so as
to renove redundant conponents. Miltiple threshol ds
were tested so that an optimal |evel of node

orthogonality could be identified. Second, a
t hr eghol dﬁ_sgﬁ&r edundancy was pi cked such that only

odes w th S N .5%.0f their.vari ance xpl,ai.ned
TR adE skt 1P b o oy SRS Sy e PRURUTE G
performanéalréldetd ©nthe Badling dchnigded in i foday.i Pidust BRnASiAS 8@ t O
ensure that whi chever nodel was selected as the final

performangg gé fhe medslgdespiabedaboyn i the Seurpl bable) b nunmarizesdhe parfosmance
of the RIFINGA H iRt SalRis Svo JBLRnd\dARLic gregﬁﬁ!eézrt e %m&gﬁg}ow

) was agaln used to test the nodels in this way.
Smirnov stafiskinj apdehel Giri iceefficienty achfof sdriqil megsurdispedtoofithaROC (regional

. hootstrap.distribytigns t nerate valid p-values for .
operationg ARG ERREL P rHbUER Botl R BHF e RemadharEuied s o Basis
for compd2R6.0THEEE ¢EsuBtS déhensBeRARTIKR IPPAE nodblR\WnRrers¥BY H&Form between

icated that the tested nodel exhibited

I nd
25% and 3% betisrdn absojutp rme thag dt-msans nldds tramslap to @ 9P okRighgurue
" / A ) redictive model s
positve i L EROR Y BB hosithes, TRERAC Y SREPhEhalse RRIR &
shown in pigedi ¢€ti ve perfornmance relative to the |eading
t echni ques.in use.today. Figure 9 synmgriz t he .
In 0GR IR, SRl ise! ReFformeE e e, fasombitie aodef Fpstifshown in
image forl (itiufe 8)laR ﬁlpgoﬁ WIFBSrckRARN! e FRRES §IIPOER iRhgd € labeled
Rl PNet nodel s based on two different statistical

ground-tryfh Aspregented; in shedgfipaneh dIthogodding perdictings fortthe sand image are

Wt Lcle each_ of . whi ch sure .
s 08 0 PO i A, AR s, i
the modelabsuilta.c Liridsdppes)wititeriv ehe Ivbdel Bndpas @add bluetih theknSRARSlts, while

approach are used as_a basis for conparison. These
plaque app wighoHsimages Fachpiich warpssieed froreatesonn ierspdiag op

which moteﬁggfgﬁérmea%éﬂﬁgﬂesx Pr¥ARN fépﬁﬁpﬁgélg rPé%e{)l}) ﬁ?g gél%ﬁs 098 h{SBability

K- means. Thi s transl at es er true
for all of thegiodeMpedigtiensavegye vetedlasblankof fal se positives. The

ROC curves fram which .t hese r |ts.are shown i
Tt Eopsd B P Bt iedE FopFbiS Bl Auats a clear
example oTERSAApENlities6f thOpRiRETe MOBES of @S WhvehitiSK OMPattituldr RS is a
form (Figure 8@ al so support this conclusion. In

high degrqs; of gprregrontigice daigteen Hegexalhlebeladplagee inghoomginaly gronnd-gruth,
e BRSO B SO 5,8 . g v
also well idemgtftedp dihelimagaint Rigurt iSGudemonsnmed the alpifisasfthginokels bf thee
invention %oac?e%c"? gloti glﬁ? e hadd! \(/jas&?lgr }:i>ler11ques, but also plaques having lipid components.
The muscle areas are not uniformly identified, but this occurs in precisely those areas where the
original image is plagued by artifacts and where the muscle wall is thin. Interestingly, there are
some false-positives coming from the muscle model along areas of the fibrous cap enclosing the

lipid core shown in this image.
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the nodel results. Lipids appear white in the | abel ed

i mges, and blue in the nodel results, while plaque
wappsarEIyel | ow i n both i mages. Each pi xel wasPEEEsmneeR7171

to a category depending on which nodel generated the

hi ghest probability for that pixel. Pixels wth bel ow

30% probability for all of the nodel predictions were

coded as bl ank. The i mage devel oped fromthe

OREAI0GkiHYElesWER! ind BN ifls B € ~RFHBLQYHE stne?w&lk%ﬁes were
exanpl e of the capabilities of the predictive nodels

created figm thpse varioklgs.i Gw ofiaH Oé #iess vadear 140twrsp eelegsedifor haghimodel. This

I abel ed
T T
datasets. datiletd bslewl, dhstratd t]][d mg G@vebl] nbds sél@ﬁfedl fatdacinalodeipdal s.

. Likew se, scle wa S identifie The i mage
cxaminad o S bl T e S b SRy h ey et
approachbd) For eRUBHE ] 1S Ftaauéjﬁlb%ltcoﬁ‘@fns i tmeanh@‘ﬂivéf'ﬁlﬁ&gleﬁﬁ for almost

pl aques, but a ues having lipid conponents.
all of the méudﬁ yatiebles 2 hpixgt eeighforhooid fugasiry wad eleéted evkr abluf the others
t 0se,areas wh
ava1lable:.O ?’Ihgslecnfg;%g oF séchtf&'ﬁ? g&{ogﬁu}é&é Eeen alhpo élgpossgar%%tovgﬁ%rloguaieﬁganually
without envisedue eﬁfaftl th&:vxtlskﬁ manjl of @e esﬁnbﬁh@hb‘ns dfkarigbley fe nsIFious to the

fal se-positives comng fromthe szcI e nodel al on
human eyg, 5225 e’g@lﬂl?}éh? EOBrn@g]% for ghe lund medrlig adinear oombinptien pgthe
s A0 3 o 5 Y0 SOBBLAEURe comom g o

anomaly variableanednylsinationa ot wiicusasids explanatiomoedistntodes Getainly none of
reat.ed fir th vari abl Qut of all of these
the usual S‘é‘éi Mot é’ﬁﬁ%é‘?&%’efegﬁh%“sch model . This woul d
nornally be considered a | arge nunber, but for the
nunber of observations in the datasets. Tabl e

l.arge
Table?’:@?Pg@Fe(Y\?J,“ml’luﬁFstrate the top several nodes sel ected
for each npdel. An _exam nation of these nodes

i || iragueMedel he benefits of using an aut onated

Rank | Type hegerptioner ot her approaches. For exanple, the

1 Npdadueneamrslel contains pminly Ti and PD vari abl es, and

Nb@¢ |al1mah of Abik rdf TNe| i ncluded—varabtisg ppabr PTxet

NB&e CW&E%% € Was SeiEmk§XyBy CT] peskription' 1€

Nﬁﬁé“'ﬁmﬁ‘gﬂa dn?‘r‘é : These types Qf  Selactd pacrWolkrad

Mr&ure TL‘IW’LQ,.,,.R. 7 g‘l §) SARS) 5i bl € to ri]ﬁ:%guq&)ﬂgﬁl@&,ﬁd

NN

de | efford. Lilkew d nyAdalyhe

oI T

Névﬁ?.nqg?wg%ra%uah es dre ndt obvi|ousmvéan of Beix rad

human eye. For exanple, theg top enf D Mbveofl 3 i reld
nod#luscle Madeli near conbj nat ijon2 of ?f, méedowrd @MVYK ttahsgform

Rank | Typeir -|ddesetiptivmi ghbor hoof for| T2, [t he di|SYt BEE oYX rad

1 | NodensfAsommelyf PD, and t he -gnomally var ilaiflogaly variable

2 | Negebi|Hfemelis for whi ch| no dl ear [expl anats Rar9es| Spbsrad

t aday, TZ(\zéafﬁam)hqag none bf tlhe, us ll-ﬁdlddhqﬁt?g?riaﬂcen‘gf’tﬁ’a‘dgd
3 | noasl d "H‘é@’é’yuncover ed these.| Tabl|end: Tcﬁ%' rad

| noutldPD B of 6 pix rad
" TT1 Pre-proc. 3 pix rad Anomaly

. Hidden g%? Pre-proc. 5 pix rad

Unit PD DCT of 7 pix rad

Anomaly variable
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Rank Type Description | Node Kneans 2 Node T1 Mean of
7 pix rad. Li id Mdel 3 Node PD Median of 7 pix rad
wRarvg/07pe Description 4 Node TI Mn of 3 pix PEDUS2004/027171

Hi dden T2 Max of 4 pix rad 5 Node T1 Mn of 7 pix rad

1 Unit PD DCT 5 pix rad 6 Node PD DCT of 7 pix rad
Anomaly T1 Mean of 3 pix rad Hi dden PD Max of 3 pix

rad Muscle Model 2 Unit Yellow - CWK transform Rank
Type Description PD DCT of 5 pix rad | Node Anomal

Anomal variable 2 Node Anomaly T2 Range of 3 pix rad

T2 Var. 4 pix rad H dden PD Variance of 4 pix rad 3

omal v 3 .Unj.t PD.| f 5 pixr PD Skew, 3 i Xx
DR Pl ity " Bpaag o e mapdelR T fac hat e
anomalyAaiiti¢ yppbatdiad dae olBRMIRt pre@ictivdvadiables 8kves i undB:d2Cthis fact.,
) of 7 pix rad Anomaly variable 43 WO 2005/ 020790 .
Hidden ungis; thesgionn frapsfarms, thetbefaransiomms.cot. ateplhennelingas ansfigmations of
. i ey : . del s. The fact
the lnputtB thl%?él%bﬁgpd;sﬁ%%ﬁ%égg%?%bgﬁégghgggglﬁgelgg one of the nost
Tpragoidewenfi, presautibhesers ¢akens Teaingvesrperformed ¢t sevé@Cimages that

were resqry G St the Mol Brobiin s P i Fgus by theevesiels dora
reasonablyf@oﬂ[?w:ie%altahﬁ%nﬁ@&@ FHonPSlad iR THRMHELMAGdRRMEAS thd'general

these nodels. To avoid overfit, precautions were

outline of e @rferyTeall, ppd theasodsé ideatifiesdhe labeled elaghe anvagywsll.t Aathis image
. i | i As
sl RSB E TPE  BR 5 e

ultimately sliccsssfidy tasti ng nuscl e from pl ague. The nuscl e nodel
tracks the general outline of the artery wall, and
the nodel identifies the |abeled plaque areas well. As
this image was challengipngfer expert radiologists to

| abel in the first place, it made for a chall engi ng,
and 3-D Blood Vessel Models

This example describes a preferred method for generating three-dimensional models of
blood vessels that have been imaged using a medical imaging instrument. Specifically, Figure
13 shows a 3-D rendering of a carotid artery in the area of the carotid bifurcation. In the figure,
the inner arterial wall (1920) represents the boundary of the lumen. Plaque (1910) resides
between the inner surface of the arterial wall and the exterior surface of the artery (not shown).
This model was derived from eleven in vivo MRI tissue slices using only the T1 mode. In order
to generate the model, the following steps were used transform the tissue slice images. Initial,
the data for each slice was passed through a low pass filter (e.g., adaptive Wiener filter). The
location of the lumen center for each slice was estimated based on the position of the lumen
centroid from the preceding slice. Each image was then cropped after centering on the estimated
lumen location. A linear search of threshold intensities was then performed to reveal lumen area
close to the estimated centroid. After verifying that the lumen had the requisite morphological
features, including area and eccentricity, the position of the tumen centroid was re-estimated.

Tissue segmentation was then performed to identify lipid features near the lumen centroid.
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ultimately successful, test. Exanple 4 3-D Bl ood
Vessel Models This exanpl e describes a preferred
woredokoed7P@r generati ng three-di nensi onal nodel BCD1US2004/027171
bl ood vessel s that have been i maged using a nedical
I magi ng i nstrunent. Specifically, Figure 13 shows a
3-D rendering of a carotid artery in the area of the
carotid bifurcation. In the figure, the inner
A b A O e aaN b B RAIER dhend R on
whether theislicevms@bovenar bgtave thieahropid bl fusnation. ¥ hex tlerdl gorithmrfacecking

of the arter not sho . This, nodel was derjyed
two lumefly i B ek oy K s Bt i Bes et g o € Fplumen
centroids Werd@e. ThOrRUERAE slitd? viRO fleA k& céi@edBileder thR8mpensate for axial
foll ow n(? steps were used transformthe tissue slice

misalignmefigdBe addifien of otherttissuejgfosmption, ingdyding thatfopmisglassluentitia,
o . on
and plaque Yol BMePRGR, hishdifast ifons MURR, IEealdiH o fso be

included.sThereswasg med¢lsmild dlldva $ad/isualizdtion pod bttomatedfqubdtéfidatioeof
1 .centroid fromt g]ﬁpgr eceding slice. Each image was then
plaque size, XQIUmg. apdicOMPOMRPRY i ng on the estimated | umen
| ocation. A linear search of threshold intensities was
then perfornmed to reveal lumen area close to the .
estimated centroid. After ¥erif¥ying that the | unen had
[.Sd hol .09 f i nel udi .ar .
Al B e el S PRI, AR ot RS e Wl B i
can be madesind exestadaitieat undiespaitagaiintialichiofhis spétgfication. While
erforned to identify lipid featyres near_the lunen .
the methdd sy, and ForHBHED DI PSURE P IS30aoR havebecRgewibed in
terms of R8fABRERBbEIRA ahSpfio£ 8ahies, RIVANSRS: Pent st BFskill in th
erms o I}é}lgieght_ Iy depengi ng 8ﬁ whet her "t he sli g vvagpgg%%/e s0|rlllnt ©
art that mipdifigetians end sargatiods biafy e appliedrio thafreethodseand|iy trei stdpmonisthe

t racki t Lupens, (j. e... i.n slices. above, .t he. .
sequence g RGN i sl FaRSocd e i deBSol FRUT it gt scope of
the inventiddTEMoretspBEifiedl NS itWeillbeippatent thae difesential gagitlirhs, GEBwWHR! &d data
en re-centered in order to conpensate for axi al

th
can be adppted, for dsraiiamated detgetioniand anglysig phascylargplaque. All such equivalent
. .laljda 5 ! . i . 0 Lti . .
o sl DPERE) Ol DL, B Aoy dSREl e AL b it
the art ard ddemed o p¢ withia, thasulricaldeicops oftheinvkestione defined bydihd appended
The resulting nodels will allow for visualization and
aut omated quantification of plaque size, volune, and

TIPS Sioh h@dTbeen des@fbell Bﬁ)aﬁfy%ﬁ;‘%ﬁ&icaﬁy BERIE  ERRYS the narrower
articles of manufacture descri h

claims.

) _ _ ture ¢ ed and cl ai med herein
species anchiibprnerin geoupigs édbsgivétdinthe Beneric dirglosuisyafrorforme parkof tin
. . i f [ S.: L s bon. Wi le .1he nethods, ..
mven‘aon.S ;1“%45 el%él?ldeg r%é g%%%g?gs%ng{rl%gég t%@ bnrvggtllj%r% vswt% £ Pygyiso or niegative
limitation emeving afly hébjet beesr flemahd fads,irBgarllesyar vietRr of BftitRdexcised

X ,en‘ooﬂj nts. g&d optional features, it will be apparent
material i§ specHically gcitedk GIEIn; n t he

The invention illustratively described herein suitably may be practiced in the absence of

any element(s) not specifically disclosed herein as essential. The terms and expressions which
have been employed are used as terms of description and not of limitation, and there is no
intention that in the use of such terms and expressions of excluding any now-existing or later-

developed equivalents of the features shown and described or portions thereof, but it is
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art that nodifications and variations nay be applied
to the nethods and in the steps or in the sequence of
wa @m0 t he nmet hods descri bed herei n wi t hout PCT/US2004/027171
departing fromthe spirit and scope of the invention.
More specifically, it wll be apparent that different
al gorithns, software, and data can be adapted for the
aut omat ed detection and anal ysis of vascul ar pl aque.
recognize@Vtlat $4tFdhs GO I@EH are PbsslENWithin tBEl djpa bt fRSnvention claimed.
enbel i shnents, nodifications, and substitutes
Also, the teppaf@mprismel’ osdudirg I, (‘eantaining?.ieéc. arerto he scadesxppnsively ¥

. M.t hin the i Ii i ' :
without Tt B Rt S ey iy shAfy H ONERAUOR By, the singular
forms “a’besn, dastid”hedudy siadl sefaattegmiess theabhtexthaeaiyndictiias hthefwise.

the narrower species and supgenerj.c gr.oupings.fallin

Al}lpatents, nakrat @@%@?ﬁl@Sdﬁf@&@E&%@nap%ﬁ?f&%rﬁl } ngES'rﬁfcﬁ‘iﬁ‘é’ ar

indicative ﬁ*fﬁ@feb&? of thBcSofl PEhMGERilT AGh OISO WhicK BRGhVdHi0ADe@dins. All

the 1nvention wth a proviso or negative Ilimtation
patents, patentapplicatiany, asd pjlbliatioes are heringnearperatgd by geferaagea ndheis s
entivety 1 UVRFE) 1 P O 9 LT e E el polh. patent application,or
publicatidd WakSSpe@fital! and dedi oidusladintiented as being iobsporaigd byereference.

practiced in the absence of any elenent(s) not

specifically disclosed herein as essential. The terns

and expressions which have been enpl oyed are used as

ternms of description and not of Iimtation, and there

IS no intention that in the use of such terns and

expressions of excluding any now existing or |ater-

devel oped equi val ents of the features shown and

descri bed or portions thereof, but it is 45 WO

2005/ 020790 PCT/ US2004/ 027171 recogni zed that vari ous

nodi fications are possible within the scope of the

invention clained. Also, the terns "conprising",

"including", "containing", etc. are to be read

expansively and wthout |limtation. It nust be noted

that as used herein and in the appended cl ainms, the

singular forns "a", "an", and "the" include plural

reference unless the context clearly dictates

ot herwi se. Al patents, patent applications, and

publications nmentioned in this specification are

i ndicative of the levels of those of ordinary skill in

the art to which the invention pertains. Al patents,

patent applications, and publications are herein

i ncorporated by reference in their entirety for al

pur poses and to the sane extent as if each individua

patent, patent application, or publication was

specifically and individually indicated as being

i ncorporated by reference. 46 WO 2005/ 020790

PCT/ US2004/ 027171 W cl ai m
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1. An automated nethod of assessing a degree of
at herosclerosis in at |east a portion of a patient's
W@ a®s0kEbur e, conprising conputationally proceBGI/N§2004/027171
processabl e data fromat |east one cross section of
at | east one bl ood vessel of a patient's vascul ature
derived froma nedical inmaging systemto determne if
the bl ood vessel conprises at |east one tissue
We claingorrel ated with the presence of plaque, thereby
assessing the degree of atherosclerosis in at |east a
porti on of the patient's vasculature. 2. An autormt ed
ter the a.bl oad vesse|
Lo AR BT b e R o B R B3 et apgrton ofa
patient's ca:smlutuaé icomatibiyg Bdirﬁpﬁtsﬁcbﬂw%r @E&@ beesstdlAddts ﬁﬁinaét least one
Qne crQss _sectign o vessel of

Cross SeCBa? P{teﬁ'ft leagt Quechlppdyysssad Oaépﬁw@ Sf"ﬁ%ﬂ#laﬁlfﬁé@ﬁl‘@dl frqma@nng:al
imaging %&%@f@ deRrm@RL i HI IS d esgelﬁ @ox@\#r‘?ﬁg F%lgés% She HQID E&r%&gteg%lth the
I'east one tissue corre resence o
presence pif plages, thqrcbwetssashngvf@rdegrde@f Iathemécl\msrseh ati Isastl @ tpertivnred the
' tain plaque. 3. An automated nethod according to
Imnmﬁs£?wgﬁﬁ%amhereln the nedical inmging systemis a non-
i nvasi ve imagi ng system 4. An autonmated net hod
according to claim3 wherein the non-invasive i mging

2. Agystomatedpethpd gbdeterniae whether & hlood watsal of asmltle@ttsetasculature
contains f)fagﬁgr, E%ﬁgglggp%@%.ﬂ%(ﬁ}td 18 %'I'EO%%SSﬁ% wéerSér?g)g . ag m ‘at ?east%]f-le Cross

section of mblood wvessel, ofarychtiemt’ Mats@lﬂauwdérﬂv%frbmmﬁédlbal im@ging kAtén to
determi rgwtll@ggg data fraom V\,h%a‘h t he processabl e data are
cterming g g, Rlgod xessol fomprisreat &St RNEHisEResoms IRy th e preseasent plaque,
in which W0t BlelblétPvelRy iCernfRAI 8 domip#IJue CONPr | S€S an MR

instrument to generate raw magnetic resonance data

from whi ch pr ocessabl e rragnetl C resonance data are

e d ac ordi.ng, .to claimb5

3. A\%ﬁé{o\éxﬁgedarﬁet ur &« {‘ %#o ga My gcraﬁ:m (afngdlc?]rl &gcsystem is a non-
invasivem}dg&g@eteuﬁnce serl es are enpl oyed, wherein each of

the different radio frequency pulse sequence series
all ows raw nmagnetic resonance data to be generated for

4, Aft ﬁfé%@éd Iﬁé’[h (gé.é 1Y) nop-i i |
t r?e bl ood ve%se Ct)ﬁﬁ %tléz%‘sy%% 3 @y%@g%ﬁlﬁ%%ﬁ%tem
comprisey onghpr mmonﬂma@nmhotdd diooothd |grrg1ptoonsiktiaigmfanMRr misturAént, a
dlfferen r.adi o frequen ul se

o insteofffs 120 oBmbel®, SerRee i S Gionb B oA g rstrument o
generate ROt dath FRANMARA tHdpdcesSMHIE 8L el defiPrd he group

consi sting of Tl-weighted data, T2-weighted data,

PDW wei ghted data, and TOF-wei ght ed data. 8. An
5. Agllé gﬁveggggﬁug%‘%g?ﬁggg{odclﬁ& 3 \?fhgreﬁ tﬂ% medica 1mag1nghsystem

comprises an MRI instrument to generate raw magnetic resonance data from which processable

magnetic resonance data are derived.

6. An automated method according to claim 5 wherein a plurality of different radio
frequency pulse sequence series are employed, wherein each of the different radio frequency
pulse sequence series allows raw magnetic resonance data to be generated for a subset of

different tissues that may be present in the blood vessel.
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of the vascul ature supplying blood to an organ
sel ected fromthe group consisting of a brain and a
whe@sn2079% An aut omat ed net hod accordi ng to cl BETUS2004/027171

wherein the bl ood vessel is selected fromthe group
consisting of a carotid artery and a coronary artery.

10. An automated net hod according to claim2 wherein

the patient is hunman. 11. An automated net hod

according to claim2 wherein the processable data are
generated by pre-processing raw data generated by the

7. Aveierpated wadiod geesyding ta claim 6 ahermin airtedseohenaftthodifferent radio

urther cO i sin ornmal i zi
frequencf 86 Ll defibBqtdn K PSS LR aef Fpnante e
selected fmmdhes giong coiisting of F$ sadifitedladta. T2l keighted @HiaOPBWQvelghted data,
dTOF 1? accordl ng to claim1 wherein the processab
an d‘é{‘? t5d dataconput ati onal |y processed to determ ne
whet her the bl ood vessel, in the region of the cross
section, conprises artery and plaque. 14. An autonmated
tesbwothdd acpording toaélamil 3 whineiretha bﬂﬂ)tlezlesnehcm@prlses a portion

o th el REHE AR b35SO S Y i el P R i
aheart. plurality of statistical classifiers. 15. An

aut omat ed net hod according to claim14 wherein the
st atistical classifiers are devel oped using known

0. AR 8BRS SR SRR R fom

group coﬁh’iﬁlﬁ@@f@@dﬂoﬁﬁﬁﬂ&y andegoesmtyodrtergdeci si on trees,
non- parametric regression, Fisher discrimnant
anal ysi s, Bayesian network nodeling, and a fuzzy

10.  AhQ@tdnasadshefibd A&ord%ﬁg RS %ﬂeﬁﬁr RO HaRnt ARG, L O

claim 15 wherein at Teast one of the plurality of
stored tissue classifier elenments was determ ned by a

11. e élfrg%tﬁ:d‘/&e g&%&)f‘c{l n%o crf 1rar1gi gzggr g? p%)tﬁiesggl?lp gfetla are gengrated by

pre- processmgm tan gerenaied 'aj@&ielrﬂah&ﬂ/ iBiEnPsystpi.e  experts. 17.
An aut omat ed net hod according to cI aim 14 wherein the

processabl e data are conputationally processed to

12. Aﬁ%ﬁ%ﬁ{&é&%%@& Q&Brcfut[ﬁtotﬂl R lvﬁrctﬁglj cont 1s{n@%0{-rg%%zgﬁget%];

he cross section er conprise
processahl¢ dafa etiostel covipetitibnaliy prbeessing the prosessabld dagp. of
adventitia, a calciumdeposit, a cholesterol deposit,
fibrous plaque, and thronbus. t 18. An autonated

13.  Amatbemtedaaahed é&oﬁc@néﬂo&ildﬁnlﬂwl’ié}@fn%@ pRoBERAVTL BhAGre
tissue types is
computationally processed to determine whether the blood vessel, in the region of the Cross

section, comprises artery and plaque.
14. An automated method according to claim 13 wherein determining tissue types is
accomplished by comparing by computer different tissue types identified in the data to a plurality

of statistical classifiers.

15. Anautomated method according to claim 14 wherein the statistical classifiers are

developed using known outcome data by a process selected from the group consisting of logistic
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acconpl i shed by conparing by conputer different tissue
types identified in the data to a plurality of
wae@bsiostrpcal classifiers. 19. An automated netPOOUS2004/027171
according to claim®6 wherein the conponents conpri sing
the processable magnetic resonance data are
conputationally brought into registration. 20. An
aut omat ed net hod according to claim19 wherein
regressioh, &b Bioh ek hoh arbhfeRti '@egﬁgﬁgn,Wsheﬁgﬂs&{ﬂqﬂﬁmt%ﬁl sis, Bayesian
conponent s conpri sing the processable nagne il
network mededmanand adiezy lapissystam. r epresent ati on that represents
a landmark selected fromthe group consisting of a
vessel lunmen centroid and a vessel branch point. 21.

16.  AAnuhiseahebodmichaithae e IT0vhdeis aficatt20e WPk ikl
group consisting of a

.landmark i s selected fromthe
stored “Smfg%sa@rﬂ ¢lementaes deferminedbiny processisalected Aigmathr graup copgisting
of post-opethtRaafi &S0 FRANSImALERH iR tﬁs@u&in@ﬂ% ié?,caﬂg@{ﬂeﬁhgg one or more
conmput ational ly processing processabl’e data ¢ 3
experts. plurality of spaced cross sections of the bl ood
vessel . 49 WD 2005/ 020790 PCT/ US2004/ 027171 23. An
aut omat ed net hod according to claim?22 further

17.  AfQiPhiatdigetBeRebAlinORMdin 14 ARI&hH IR Beessable data are
t hr ee-di nensi onal npdel of the bl ood vessel over at

computatjonglly precessed fogietesminerehathayitharbloerbyassd dintihe regtonrad she cross

: i ' he bl oed. vessel . ...
secton, (%% SAhbtscs RERES oSL B SOELE Mondhe b ToRigmi R Efigpiie. o
calcium deposit; & shalestgrohdapasit, fibraus platupindfthogabugonpri si ng dat a

resulting fromthe conputationally processing. 25. An
aut omat ed net hod according to claim?24 wherein the
18.  ARUhiBtHatellinh@hddddBRing Wi 9 Switreifi ABRHA A i
.rendered three-di rrerhggtigqnél rmdelrelof tﬁg I}gg%&év ggsel
accomplighed by gomparing byacqpaputérotiffierent tishe types identlied il ée data tomgtlurality
el spaced cross sections of the bl ood vessel.
Ofﬁmmug%iﬁgﬁﬁ%%tonated met hod according to claim 23 further
conprising conputationally determ ning plaque vol une
resent in the three-dinmensional nodel of the bl ood

19.  Afguegpted mefhodgecardingacidm ey rseindec emenangnts somprising 1e
processabiéhfRlic 9&6'91{1‘#0\% 'g?% ﬁg&ﬂ%ﬁ@éﬂ&&ﬁ} L%éﬁgﬁ?h@rrgélgﬂrﬁ%n

conposition o present 1n e I mensi onal

nodel of the blood vessel. 28. An automated nethod

accor dj to claim?27 further conprisin ) )
20 ARG hsied arComatp ﬁEﬂﬂngﬁi‘ﬂ&r‘%ﬁ HEHETRUPR i 35porgplished by
aligning the ¥othfRead |c@mEfi§ﬁgl ﬁme‘}fro@sé‘ab&k}hﬁirﬁﬁ@?ééﬁnm%g da#3bout a

aut omat ed nethod of assessing effectiveness of a
representstion ihgl senrpsenis adanfspark selegied &pmghe aroup eowrsistingiofig vessel lumen

centroida%%%%e%?&ﬁp&i a patient using an autonmated nethod
I'ng to

accor claim 26;

21.  An automated method according to claim 20 wherein the landmark is selected from the

group consisting of a physical landmark and a computational landmark.

22.  Anautomated method according to claim 2 comprising computationally processing

processable data of a plurality of spaced cross sections of the blood vessel.

49



b. delivering to the patient a therapeutic reginen
conprising admnistration of a drug expected to
wae@bioki7gee or reduce the plague burden in a paPCBENS$2004/027171

over the course of the therapeutic reginen; and c.
during and/or at the end of the therapeutic reginen
determ ning whether the plaque burden in the patient
has stabilized or been reduced, thereby allow ng

23. Aasaemmtemmedfodtabeordfnfgeabianﬁ 0 swtief cdh mii@écappuiticmally

/ Q20790 PCT/ US2004/ 027171, 30.
rendermaa?‘afﬁ%ﬁ V\%& g%‘& dtV&S%VaY%aé agtRdIogion ‘%fﬁ]ée region

boundedBy4fle ndsElisthitUeSabdPrbRNR S BPthe blobd Rsd¥t hod of
treating a patient having vulnerable plaque in a blood

vessel , conpr|3|ng a. detern1n|ng that a patient has

T N TN IR

comprisig|dateesultingt feorh fige @aﬁpmional}t ;Ineé@smgt ic reginmen
designed to stabilize or reduce vulnerability of the
vul nerabl e plaque to rupture over the course of the
5. Ms&aﬁaeahfe Jdegt tb BREHE BY WHeRM R Sutie ARAHRG!
2 . A metho accdﬁgﬂﬁg to c?ari1 &h uémhltherggéﬁgpgﬁwa
computatwgalkysnnwtbﬂw&ahmdmml stodelt ofdime blo«bd aesdc:lwg'et &tdeast a portion of

st.abi es _or es v Inerablllt h que to
the rgich By B335 A GRockt cBPaRRg ot P plapd s8R o n

the drug is selected fromthe group consisting of

statins, antl-lnflannatory drugs, and anti-coagul ant

26. Ay ggemated mem%mﬂmg tp clogn 2tithsa cempEsRp eeBpUTefionally
determuﬁﬁ’%‘glugm C(l])j%ﬁp Elee éﬁg ﬂrgér! 'éllﬂgengﬁ) %S&el {)Eﬁl%ﬁggnl%l‘j\{egsrel.
r eadabl e progran1code IS conflgured to i npl enment an

ut omat e od acgcordi cIa|n11 on a ¢ ut er
27. ‘gfﬂ%}ﬁ?%teg Hlet SCERTEIEHR Cg‘gﬂ-ég futher comppiipe ﬁ?%ﬁ"#%ﬁ-ﬁnauy
determilgﬁ’%j@om&)@ltloﬁ%f PUREBLRht "Eﬂh@ Qckel-QimRRNNZHHEE] BRtHePMod vessel.

a obtained using a nedical imaging systemto
determ ne mhether a bl ood vessel of the patient

2. ANLALASRIARYS SRR 10027 R babRL g, BLOGESSA.S

one SS S

distinguidhing whréﬂk:t thetpliue asswthlﬁérullsle plaghesed stablbglaguecess a b l e
data are derived fromraw data collected using a
nmedi cal inmaging system b. connunicating the

29, A ARGASRPhRUALA ah‘% é@f‘?&ﬁb@r{e SO thed nglgﬁflgé.%\ﬁg)rising:

and conputationa ocess t e process

adet erdgiermeimviged plaque lbmfdd:n m@@atlmmmlg anrautdmmtedetgethnd adcording to
t he c?os? section(s) conprises at |east one tissue

corr € 8

b. delivering to the patient a therapeutic regimen comprising administration of a
drug expected to stabilize or reduce the plaque burden in a patient over the course
of the therapeutic regimen; and

c. during and/or at the end of the therapeutic regimen determining whether the
plaque burden in the patient has stabilized or been reduced, thereby allowing

assessment of the effectiveness of the therapeutic regimen.
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with the presence of plaque, in which event the bl ood

vessel is determned to contain plaque; and 51 WD
wQo@5/0220¥ 90 PCT/ US2004/ 027171 c. using the cPOPUSEN4/027171

to conmputationally process the processable data and

determ ne whether the bl ood vessel contains pl aque.

36. An automated nethod according to claim35 wherein

the nedical imaging system and the conputer are

30.  AnQf@inefedhefibl hedofdihe 'tcpé‘iﬁ eéﬁl th % %‘\1 Ql ational drug.
Fle

met hod according to claim ere n
resides in a corrput at| onal cent er phyS| caI I y rermved

f h of I iing cen h each

31. Ac%l%lr)(? §1g tgea lnﬁg ajp b é P’Hléle@g@%&ﬂ%@ b gﬁ;fogaaﬁesse comprising:
agenedétintigingalit dqiaﬁezftm@m wilh&éabRMRLRSE 2R bR od b Rel lfsﬁng, an
be derived. 38. aut omat ed net hod according to clal m

37 whdpBated ateﬂpcélmoréwe toelai @7 ’fmﬁ]g ing centers
ot N TR AR 0 e

acc OVldIlﬂ'gblﬂlty off the muld&rablepldyae tcmppire 6VerghCaiumevfems the@peutic
results of ri) s o an address specified as

bei niFeHRF Fhetg é(&r"\ﬂf’il%ﬁ’ﬁé’af 1@ i magi ng system used to
collect the raw data. 40. A systen1for anal yzi ng

whet her a bl ood vessel of a patient's vascul ature

32. Ageeibed srsorstingges]ainy Hewhsyein dharansiie resimen camprises edrpinistration
ofa drug"i‘fg% Q%ﬁﬁlégsoorq)é&?c% %Ih%ﬁ%bﬁ%’r]%ﬂ arglgea d’ﬁrg’l?t%’éeg E 8 ? (rj |anmg c ? g e

cI aim34; b. a conputer data storage systemin
t.h t he camput wherein the conputer

3. AGSECLIGRE oA SreEon s setseieftons the greunsgopgisting of
statins, aﬁt{-ﬁﬂﬂanﬁfh%@rd oalfdmﬁaéoa%a ﬁged by the conputer;

c. .opefably connecte e conputer, a
connunlcatlons interface for receiving data to be

r b or, for sending dat Sl ng :
34. A{%ﬁgl%g%ﬁg%lgre%a proglgct coniprising atomputer uséb?e mBditm avmg com%uter
readable program code embodied therein, wherein the computer readable program code is
configured to implement an automated method according to claim 1 on a computer adapted to

execute the computer readable program code.

35.  Anautomated method for analyzing patient data obtained using a medical i 1mag1ng
system to determine whether a blood vessel of the patient contains plaque, comprising;

a. obtaining processable data of at least one cross section of a blood vessel of a
patient’s vasculature, wherein the processable data are derived from raw data
collected using a medical imaging system;

b. communicating the processable data to a computer configured to receive and
computationally process the processable data to determine whether the blood
vessel in the region of the cross section(s) comprises at least one tissue correlated
with the presence of plaque, in which event the blood vessel is determined to

contain plaque; and
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c. using the computer to computationally process the processable data and determine

whether the blood vessel contains plaque.

36.  An automated method according to claim 35 wherein the medical imaging system and the

computer are located at different locations.

37.  An automated method according to claim 36 wherein the computer resides in a
computational center physically removed from each of a plurality of imaging centers which each
comprises a medical imaging system capable of generating raw data from which processable data

can be derived.

38.  An automated method according to claim 37 wherein at least one of the imaging centers

communicates raw data to the computational center via a telecommunications link.

39.  An automated method according to claim 35 further comprising communicating results of
the analysis to an address specified as being affiliated with medical imaging system used to

collect the raw data.

40. A system for analyzing whether a blood vessel of a patient's vasculature contains plaque,
the system comprising:

a. a computer adapted to execute the computer readable program code embodied in a
computer program product according to claim 34;

b. a computer data storage system in communication with the computer, wherein the
computer data storage system is configured to send to, receive from, and/or store
data processed by the computer; and

C. operably connected to the computer, a communications interface for receiving

data to be processed by, or for sending data after processing by, the computer.
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