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Met hod and System of Conputer-Ai ded Quantitative and
Qualitative Analysis of Medical |Inmages Field of

wo paensdcon [ 0001] The invention rel ates gener ab¢pCA006/001910
the field of conputer-aided analysis of nedical inmages
and detection of suspicious abnornmalities In
particular, the invention relates to a nethod and

stem f.or processing nedical es btalned f

ad and Settam p?ééogmwnufwd;ﬁﬁ; itatiye anddonalitative
wel | as nor phoI EM a3r1glf’automa\t ed detection
of abnornalltle Fagi A%EYi cal i nages
frommultiple nndalltles Background of Invention

Field bPARZLtibRgneti c resonance imaging (MR) is energing as
—a'—p'crwergg tool for the inmagi ng of breast

bn n e
[Oﬂﬂlgha?gﬂc;é? ﬂvtehﬁ?n | 1o g{?@}ablyeast Rl AF ?}ﬁﬁ}tér-eﬁded analysis of

erization o eSI ons
medicabimiggesi odabetectvbgi off suspatadust aewrdal@idso I @hrticular, the invention

soft-ti econtrast t hi nsection. apd mul tipla
relate%;éwbmpﬁipﬁe@ [ D6t} 9% RERceTsaigamegical dungs %wﬁ?f@ﬁ@gy multiple

modaﬂl%sa%lwﬁfgdar?aﬁqnSCJ)ialaﬁétﬁdseaq W g ﬁ%fﬂh‘&d@%a? f&ﬁmeggnd automated
l'esions from possi bl e cancer tunors For exanpl e

detectAmesfiabaorm@bitiee yeandfanmydis off oggicaligReeh s nmeltlptermOWacs
devel oped a set of characteristics and | exicon for use
with Breast |Inmaging Reporting and Data systens

BackgiisunBADSventioBl - RADS MRl | exi con suggests that the
fol |l owi ng norphol ogi cal features are |ikely associ ated

[0002v t Mbgldtigmehmhwsmpg@@%ﬂm s hemoer ahanphwdrfig tool for the

: Bl -RADS MRl | exicon_su at the follo

imagifg gt Hicas BPETAIERy IGE0T o NHY BHEE08 SR fEjrspization of the

breastnﬁgibﬂﬁE’}BEYMV?'&n%ﬂQ]aﬁ%%ﬂi?d'Pnotl@ﬁt?erso&l%nt%oﬂt@l sdfi- fﬁsue contrast, thin-
enhancenent, ductal enhancenent [0005] Recently,

sectiog @nd nuiditrddviae capabdniteson has been focused on
contrast-enhanced MRI of breast | esions Before or

[0003lur | higditibealbx aleyion worphogly ienhaﬂmdemd apesified so discr1m1nate

.injected into.a vein in a patient m . Typi ca
benis, gt dici Bl AT fRAS 2 %’n‘?xa(”é’?eg%\m@éf’ab i*)eg? b Badiology
(ACRY Do R %@?&r@fiev‘é%teﬁ skt @Qﬁfﬁ?a%tetrﬁﬂéjssar{dQeﬁ%Qly Ff%ise with Breast

greater contrast between normal and abnormal tissues
Imagiitg &R eporing asit! Ié@rthamgneﬂﬁl BASR) rBthAm MRt lexioan stdpests that

the off Pl o R e B U RePeihe for et e hg o

ang ogenesi-s—For—a-tumpr—to arowl arger than a few

geTTCOT o T OT T A~ A S dan = 3 o

mi | SRS ers in di anréf”é‘i‘ded ?Vafé’q\ﬁ’lbl"”@é the formation of

bl aod vessels that will qunnl y_oxygen and nutrients

ne¢c®aainy for survi)salooth

Mass enhancement homogeneous, no contrast enhancement, non-enhancing

internal septation

[0004] On the other hand, the BI-RADS MRI lexicon suggests that the following

features are likely describing the possibility of malignancy:

Shape irregular

Margin spiculated




10 These new vessels proliferate in a disorgani zed

manner and are poor quality, thus making them | eaky
w@nah7056%5 Ng bl ood to pool around the tunor ThBCT/CA2006/001910

anal ysis of the signal fromdiffusible contrast agents

aids in the detection and characterization of

suspi ci ous abnormalities i n2br east s [ 0006]

Quantitative studies of the signal intensity over tine

( or| Mads gehdncementr v e'heteragenebuy, irimeentantemtdnorduofal behagbement
of [enhancenent and jthe kinetics (e g , uptake and

washout behavi ors), suggest that a nmalignant |lesion is
likely an area that enhances rapidly, reaching their
[0003peakR edeRBNCAIBIAErabR MRBR0P RS B Hiee omcﬁﬁﬁﬁ-eﬁﬁlﬁltced MRI of
I njection Benlan | esi ons enhance nore slowy, wth the
lﬁﬁ$b@akn%nﬁaﬁééﬁé @HWE@@ﬁmamgaabn@mﬂ§eMEmammnH@ﬁmes1mededunoa
00 tlcs curve Iso
vin 00088 R 80 2 SAOBLLS 1K SohPugALE. Boore i

used. SfIlhdllSS dfaoatrh uagdnts haﬂidskﬂon@rblvﬁi% (E‘r@z[tt!reﬁorﬂﬁ%{-? bétRieB® ndrmal and
benign lesion tend to_ be stralght or slightly curved

abnorm%»ésqef F&he cRBrastrepbenceyisel sieme freethgitgefathat the growth and
e cqpt iner t 0
metask B PElep Y PL LR 5o |RPER0E) b 2, B! Ryfrurrounding
angiogatesispd'st e tihoratstgrpwiarger, thing g deis mlbfmesats Ui diab@Fer, it requires the
ef f ect t he ot her. hand, kinetics curves that
formaligh GO Vil AT e HnP REHAACYSESH T BTEF G aitestry dor survival
These RS QbselS §2 bl RFhtd Hea RIBERA cf YRBNEL ¥ a
eselnltlalseuggtroke(3 a?tgrgahlgh enﬁanégﬁgﬁﬁbb)qgﬂﬁﬁﬁmPQHMkm
them ¢qaky @hd canieg bleedsp gma] anonn@mﬂ tuynqp! dfheaanslyiss (tfhhe 51gnal from
d1ffus1brfe oL r% late a nd 1I ate ?t r ast p%rl ods. The ¢
0 sty el i PRSI NaR " areCighettiiguat suspicious
abmnaﬁhﬁésMmh&ﬁmenhancenent is abruptly cut off, and the
signal intensities decreases (washes out) in the
0006]] Nt COIRMHANG RAAs 6OMe 85kal RRIhQH, b6 ¥
[ ?nJS%tlon of contrast ag%ﬁ% ] g] FB&E&%?&Iqﬁtﬁﬁ%q£wve) as
time t\/h@atmnpf dsvelenhanbadenmnt mad htdxd lhastlcacha gye@tzﬂneghnd washout

ensi t vi t 4% rovi des onl
vehaf i o3BT el Y o 0wy nB EMhagER et ropehing
their bﬁkeélﬂlah@erﬁédﬂ EbePR&Ent biyee aﬁ’cﬁ‘tt}ﬁ@é InfRuRE BoSPREdLLA! tBenlgn lesions
refers to fal se positive reduction The |ow specificity

enhance psre slgpdy, madyihe perk eabancsatent peaurmiigaafter bessra mynutes.
enhancenent but al so enhancenent of the benign
[0007] esi Blresshapaod ianlgnalmwnb@ralm canbeceswdriydibitopsihether a lesion is

f h I b
a5 0Fs REFBUFS Fl SFRUBSSIER oL ane, CRIEL 5 0360 o o

straigfedt s§ Bhtl L &IrOas(t7¥eel) I Beathd dnas ti&sﬂlettﬁn@&?ﬁzﬁ ke A% dyQRRtinue to
of nornal processes For exanpl e brocys |'esi ons

increage duf e EEYth o raepeTabhe siqyver indothd equr{es 09418094ed in the late post-

contrast period, because of saturation effects. On the other hand, kinetics curves that
suggest or indicate malignancy show a plateau or a washout section. The plateau type (type
1) shows an initial upstroke, after which enhancement is abruptly cut off, and the signal
intensity plateaus in the intermediate and late post-contrast periods. The washout type (type
I1) shows an initial upstroke, after which enhancement is abruptly cut off, and the signal
intensities decreases (washes out) in the intermediate post-contrast period (2-3 minutes after

injection of contrast agent).
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fi broadenoma is the nost frequent tunmor in young and

adol escent wonman, and pappiloma is a |low risk | esion
werdensgseni gn | esi ons i nclude radial scar (sclBPeDeAs(06/001910

which is a stellate |esion mmcking cancer, phyll odes

tunor, and ductal hyperplasia [0010] Investigations of

contrast MRl of breasts hav&-denonstrated that not

only did malignant |esion enhance, but al so many

[0008peni Howkes| aiftbuih eheiclinh@sttdnph QRdaVIRIBRthdd ik QeNistdChigh levels
and radial scars enhanced Al so, there may be

changes o an SO,
of seRgiiyIiyneitt oIl 8&1od it pravidas epdy dintedi speeifiswy lovels (40%-95%). Here,
AN ' oh; oy G knfiltrating. .
sensif Ry el B B 1 o AR SRttt o bR Pl reauction
The 16®WCIpSYifictatlewsld hrenetulteohasicenly apaltingntbldbiohd eMkliné&ment but also
b | esi on r%ho.l oagﬁtisuggest s the gr esence of mali gnanc_¥
en a”?ﬁ@elﬂe?t{rtgF PRIZH AEYORSh EAYSEs2 RBBD BT olcwiteressary biopsies. Thus, the
SRNENERIRREMELONEnE RANRE toeustye L fibRY 6Ok i
pre.sebeni gn fr orrr1n mal | grrl1ant | esi oﬁ%ﬁo%lg?fe%gfgfgﬁt ﬁ{/}?é@tﬁ%m malignant
lesiongt t enti on has al so been turned to magnetic resonance
spectroscopy ("MRS") as a new techni que for diagnosing

[0009¢ ancBenidREsicsis arp asghided|ag redut & f Abem@He tof GoFBSIOfBE&G es. For
@et ection te hgqiﬁ]gue It provides chem cal information
eXampyg, nfcétHQENSF‘ﬁg SERE e RS dfF oAPShr caipmemgberigf disaiden u0%-50%),

ﬁbroa{a&ﬁd‘h@i isGhe Moset &uetahofh ﬁ}ﬂ&lgi a8 'adlt)lgsc%ms&gﬁgﬁta%q tplag%iloma is

unor It is believed that e anount or concentra
a lowofisknigsiker Qthembaregrs lesiony iimtdudenfadiaratirdiscladosig), whieh is a stellate

. disease process in . the area .exanm ped [0012] In
Iesmngnélr%lf’%fl? C%‘?Cﬁﬁaﬁgylg’ﬁsatiuﬁ]é’& q“fiéﬁ"%ﬁf IA¥8 generate a
canned i nmage |nstead, ectroscopic informati on of '
[OOIOf/ari HESUGARPASCR| Onfrast (R ddeavby aveedemmnsipateq ghag et only did
ligRGRN1RRBS lehhfick O HAPt Al t ORdsford@ i '
T ocal i zed “area Thi g Egﬁqoﬁsﬁgfh%ﬂgﬁog Sgorrﬁgcgrﬁlq% rf?rroarpiﬁlc?rr}mmas’
fibrocgitica¢ medest andmailiRSsdacs drhaneal uAlsedthere maey B imalighant tiéseons, such

ocal i zed. area. Ho r, correlatijn ectroscopi c .data
os cerii Rosgf L R ER T ctr<Gives UPKy SoBfAEne o er casnnam (1LC)
or dufai Rh@alon®@NW sRONBTIS] QL 3LilThs: E-a0d %i&lgeﬁ\he@ which lesion
chal | enges for devel oping a system and nethod o
morphphedyysuigaestibdipeesendersd greadigharcydi Berbiehifriathan thelpeesseenof contrast
' t eni | gsions ui.table faor clini.cal
enhan?]%lé%xg%ﬁﬁeicgﬁgﬁ gkt)ljs%gttodg erf’ﬂtédtf,ﬁ%fg%lh rornnt{} }ﬁnia{%le%n-
itigate or obviate at | east one of the above
[""“ﬂ;nﬁ?"&ﬁ%ﬁqﬁt&e&a%ﬁfa@ 3 @?mfam?%otp TRGASHE | 163PTIDER A ectroscopy
(“MRE1Easl DHEN DR ROTE MBS RHaAGNINRALiS YSaftlar type of magnetic
qualitative features to achieve an opti nal
resonaficg c Aptettit | igphrquesus gt chousleabnlrmigdl tinfesmaserc hbyasmeasuring

conceht%{g)%g oqrs?r%ﬁéthg %‘%Ivgrqgusl f8a&? chemicals, such as choline, in a suspected
tumor. It is believed that the amount or concentration of marker chemicals provide

information about the disease process in the area examined.

[0012] In general, signals obtained from MRS do not generate a scanned image.
Instead, spectroscopic information of various chemicals is produced. More recently, it has
been possible to obtain spectroscopic data from a well localized area. This allows the
biochemical information obtained from MRS to be evaluated in relation to the localized
area. However, correlating spectroscopic data with a scanned image is generally a difficult

task in clinical environments.
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and data fromnultiple nodalities are processed and
anal yzed to extract the quantitative and qualitative
WO pdogpmsis on Quantitative information can i ncl POBECA2006/001910
ki netics information and bi ochenmi cal infornmation
Kinetics features can be extracted froma tine
sequence of inmage dat a, sucttas MR i mage data
Bi ochem cal information can be extracted froma
[0013pect Thss dongpinganeeries i ehaiengeRSfaddatdevelmphal eyitem| and method of
analy A R o e AR g L TR g B BTG st
for dH@angaUh&sds appk a6 @bjedNofthe Fabnt iSvdtiom it6l@dtifHé or obviate at least one
extracting quantitative and qualitative features from
of theslipyaamentipngd slisadvrngaged and for combining results from
guantitative and qualitative analysis to produce a
consol i dated result The analysis of tinme course
Summarst dfdaventiohe performed before or after the
eval uation of the |esions norphology in post-contrast
[001i4hageBheqpeval dombingsebatle quantsativeomdtduelifajive features to achieve an
tifil GQL TR ANALY SIS RS g}{ar' “aiigied e gr‘té’eﬁ A Oggs%g Image
optifigleISUFINUAT 9L FUSPICIPUP REBRMIANES SUFh 3} MAHHCE STFPbiORE Imases
and Hath FtonpeiuftPplaBddanads Wed protéseéd sdadmlyeed kd B&kacCthe quantitative and
anal ysis) are clearly suggestive, the next analysis .
qualtptire axaimpmtion. mupHERbE IHAENAFVIsTan Sichie lgaptisr méymation and
bioc}lgﬁicﬁfﬁ‘l%r&ﬁtigﬁpK‘iée‘?i%s ?éﬁﬁlrésséa% B exBG ARG £ lifke se%uence of image
exanpl e, kinetics) are Indeterm nate or suggest benign
datal eatlorns MRIuihier damal yBibshepiical edfampitieon car phodagyded from a

is perforned 015] I n one aspect. af the invention,
SPECHOPIABEF wa1%L§%% d3fap) Yol ?m% & Prsgeadet from MRI
imag¥s. AitfREHRN ihikeRNx3RALANYeANY HBLEC bE REhRAPABHTRES T | £Scomputer
n the regionis provided At |east a set of the
applplatiomlprogramf is mediided fomenymcting auemnataienatdegpaitative features from

information, responsiye to,adm nistering of ontrast .. .
medigih AMBETeAR SGUnERaHE SRTROONS HETs ek niafiafe et dualitative
anal9At ab Hrodhck e cohsani@dtbd YeRft MrHE GaklytigRdaiH@lcBurse kinetics can be

identifying fromthe plurality of nedical inmage data a

perfgmedofclorstas afer hesvelgpiienselhe degiens pexshalpey inegdsbrontrast images.
Optiltoqur%gll rqu%?egsu s: grt LGt Mg %Jr%mr{lég %\‘}Mﬁkﬁg ?Le'eé\életfaft%d'f"grg%ftgl performing

ures asSsocCl a

the @it Ah&ysit.hén fiwat vises if rslilidrog @k flragrkfotmed seilgsioffoRexample,
. set of norphol ogi cal features, a set of
kinefich @nplysich are Cleap¥t fuegesves b erparayss dfdr serde, morphology
; e et o .
08, B FEpEAehLC PRSP bLMAELR! kb5 o RIS PBrample
kineticgmatehamdaterhmmatt ot woggst deognf easibor esfurthad apalgsis difergexample,

tgg [ Ltia% asaessnent to a user for evaluation The
morg 8§§ﬁﬁﬁ?r?gysva1uated by incorporating the at |east

two sets of features in an eval uation process [0016] _
[0045) o Ireapqp@rest of Hiesinyepiry aomethnd qfapalyzingna plufality” of medical

imaQ@HzﬂQ%f idqgéib’rq fiard Qﬁtédﬂ; Lhe Het@&tﬁx%sabnormalities in the region ts provided.

At least a set of the plurality of medical image data contain temporal information responsive
to administering of a contrast enhancement agent. The method includes the steps of
obtaining the plurality of medical image data, identifying from the plurality of medical
image data a set of data points representing a possible lesion in the region, extracting from
the plurality of medical image data features associated with the set of data points, the

features including at least two sets of a set of morphological features, a set of kinetics
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of receiving a nodification to the at |east two sets

of features fromthe user, conputing a nodified
waseesswent, and providing the nodified assessSPENTCAL@®G/001910

the user for further evaluation The nodified

assessnent is conputed by quorporating t he

nodi fication in the conputation [0017] In another

feature of this aspect of the inpvention, .the kinetic
charaheaRHEY Of | 18| CRPARD BINPREPBAZAG st Bbiedsmical characteristics

comp{fin ?aa'h' 19?91;1?&1'[21%&05@19%5&%&9&9'o@ghet s%fbf@lgg%RQT@fmcf At9ERL two sets
contrast variration In a subset sal d set

of fegmrerst snd prosuding thhenitifleasessmentt toen kien &dri evsluation. The assessment is

racteristi.cs |nciude a cla glflcatlon of t.he

e"ah@ By8E0rparafing gt (GFVEYS STSPTSFAIIST SR RIgEgn process.
enhancenent, pl ateau and washout t pes 0018 In yet

1001} ot Hep fFfé'a&eLﬁféh‘é@SHW of thepryantigp, t ﬁ@qthﬂﬂeﬁﬁ iué?ﬁ th@ figrther steps

cher r
of reQ O Rie Rl APhE N ER T &Y PP ol B fer, computing o
modifiedl ngssessmeant, fandt hpevidieatthe enodified bisessbreentc &l the user for further

characgteri s include at |ea a concentration
eval gt o itedsi S ds ConBied by ToroTPaRats & SheiGayian in the
com@ftadofo or nore marker chem cals obtained froma
spectroscopi ¢ anal ysis [0019] In another aspect, there

[001 :Z[E PR \éhgtﬁgr éatg)’eg Bp{ﬂ?sf &’s‘be@tnﬁ"tﬂg {¥Entiborl Itllﬂé' ﬁlnéttléé Fracterlsncs are

dical image data of a region in an anatony A
extraat&deﬂromfa téwerast warationycunfe nmmsxpahdmgm@emmbad@egm doqal contrast

npor al i nforpation responsive to ering of, a . .
variaGRt ot SR ARG S Cotagb BT RETLY ot Bl HEPHadEAG, the' Kinetics
chard AR B8 cHRcRdIRdYA Riffcafiod 8F ﬂieedéhﬁgsttvtaﬁatﬁhuélﬁf{/é tifo he of continued

medi cal inmage data, a norphol ogy nodule for

eﬂwﬂ@@ﬁﬂﬂﬂﬁﬂﬁ@lGmpb§@D@HémﬁeS|on in said nedical inmge
data and extracting and cl assifyi ng norphol ogi ca
[0018at Unegetaaswberatfedunei bh thei ds;moisscbfbltlaz limgintinn, ahe biochemical

ki net.i c nodul e, ectros oplc anal ysj ul e,
chardeASHE Al SIS JTED Gy PerTes Bl oy R Sbast s set of data
pointsNIR Al & Rer Rhtuft S BYEMSniL dheAeteridtiRAhtILOO aOkadt R&oncentration
lurality of nedical image data along wth an initial

distriputign o€ tal maskss sbemeat of otlatiigestrengtl olatwomr anere marker chemicals
ication The tics nodule extracts fromthe

Obtalgﬁﬁffgm ¢ ?68?0%88% agfrl]lePlﬁ’age data kinetics

cter stics of the te ral informatiaon as
oor§] E I REO B Biteielsss Biv e Sotect RSBt Ee Srarigupet medica
1mag‘§%¥ﬂ &€ e?i%%[cﬁiclhsanfarn@mnxw eAP]edétdd det ¥ Mo PIRAIIGAS hEBREE image data
data bi ochem cal characteristicsrelating to one or

contm ntemperekiaforglatio cespensivnt admincensslof daontastdebinspwant agent.
ne r.ecei ves the i cal. feat

O
The SRR OG0 At e R Rl PR e PR D1 Syl imace
datal £ﬂibq1’h@loglyrlﬁ(§tfw@fdr®dibrﬁﬂfﬁﬁg aheskbloadsicsinmaiimedicanthagd @ata and
bi ocheni cal _characteristics fromthe
extracting and classifying morphological features associated with said possible lesion, a
kinetic module, a spectroscopic analysis module, a consolidation decision engine, and a
graphical user interface for displaying at least a portion of the plurality of medical image
data along with an initial diagnostic assessment for user evaluation and modification. The
kinetics module extracts from the plurality of medical image data kinetics characteristics of

the temporal information associated with the possible lesion, the spectroscopic analysis

module extracts from the plurality of medical image data biochemical characteristics
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spectroscopi ¢ anal ysis nodul e, and conputes the
initial diagnostic assessnent of the possible |esion
wo e@mosdses nor phol ogi cal features, the kineti cSPCT/CA2006/001910
characteristics and the biochem cal characteristics.
[0020] In a feature of this aspect of the invention,
the system further includes”a norphol ogy deci sion
engi ne for deriving a norphol ogy assessnent fromthe
relating tplot ogineut nfaskerucheiicals, khédbg eensgbdatmingtecisingi engifeoreceives
the mdoﬁlgho\f%gtlgal q’e%l%ur%gtfro%st %Srf?gr ﬁgr]?nt gLo&i%@J%ﬁlgF%%?tsch%égﬁeglstgﬁ of the
temp&fPinfie nfa®ion e dhie rkgle@cg; ﬁ@dt:lreosrﬁmie biohsmianaatacterigtits from the
the bhi ochem cal characteristics The consolidation
SPECTERSEPRIF oriabifigi Medelsr refl atospuiftd thenBdigofiagrastie rpssessment of the
possiBR' Rk o@%n@%ﬁ@%ﬁ&?ﬂ&loﬁfcgle fé‘it\ﬂ%g iR @mefics %%%%Q%CF NEd the
spectroscopi c asse in 1ts conmputation n
Modﬂnmmmehmﬁeamnme of this aspect of the invention, the
system further includes an annotation nodul e for
[002a]eceilyianeatilie asfythid Aspegdt aPhthe ahveison, ity eydi@d efudther includes a
nodi fication to at | east one of the norphol ogi ca
morphalegy) dedsiop §BSIRE At dEyINGamaEholqtaseessaert fiaie the morphological
0 I
fearufie D IGTURS defBhOGEle Rl iy as TR Sk lat Trom g, kinetis
chara«:mmsmtsL dad iaogped@cicspio ranekygnsrrkacrsmmgmm 69 derivoy & |sp@|:troscop1c

a stic,assessnent u receivi t he difi
essesPRIT o Por DRRGIHEH RRPUFENGP (s cAbpBtiiopr Sprgion engine
cone‘la@é@eﬁﬁd Heor Jfoli*ﬁessi‘&t R JhdfdodhedsséRmbhdeRe RiRatd 8kssiledK and the
profi l for retrieving patient risk profile

Spectrcrsﬁt@mﬁamemmefnt ontscaeusativase, and a patient history
nodul e for retrieving patient history information The
[002Hval I bnaherdeatubeofabsaespae of thanneepeonatiessystes foatheremtludes an

ri.sk profile informati d th atlent isto
annofa, LA R0 NE il T BoRBHALsEaR R 6 fiodification to at
least] dh\éedﬁﬂh@r}n '\;Ehglbglchls fRERY 8D khelBY BRGa QbR Wt 11AE bd¥Memical
anal yzing MRS nmedi cal inmage data froma region in an

charagtraistesy e moga”tca@m isThrevised ho thei ennseleasion [decisivapaginf and the
data of the

cons&léc%ggﬁ dg‘ﬁﬂg'ﬁgn 19? lr’]egc%/m%u&ﬁ 'chglo(é?lleg é]‘lrm g?\ostw asF[eg&mgrg upon receiving

the mou@atidat a a set of data points representing a
possible lesion in the region, extracting fromthe

[oozﬂl ur @Jl ZEt)’an%fheF?éi't&r@of iReetadané GREHNES tRS§REAERGer includes
e possible | esion, conputing an initial

a patmntagﬁesltqﬁée medel Jomietriaying prsiepodsk pib8lel infirmation Gamt ah@ata base,
at d th ti

and a 16% 15}10@ gn%&rﬂgeg g rectte I\/lrrlllgrpat?igxrltld}gs nglrszr;p?rg%a %getslaje evaluatlon of

the a&t@p@eﬁf m@@@)@td’td:snglet peticMREskgabfilal infora@doslanad the Qatiant history

information.

[0023] In yet another aspect of the invention, there is provided a method of acquiring
and analyzing MRS medical image data from a region in an anatomy of a patient. The
method includes the steps of obtaining a plurality of medical image data of the region,
identifying from the plurality of medical image data a set of data points representing a
possible lesion in the region, extracting from the plurality of medical image data features
associated with the possible lesion, computing an initial diagnostic assessment of the

possible lesion from the features, and upon the initial diagnostic assessment satistying a pre-
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candi date regi on including the possible |esion,
extracting biochem cal characteristics fromthe MRS
worew7 054613 mage data, re-conputing a consol i dat BAT/CA2006/001910

assessnment of the possible | esion further

i ncorporating the bi ochem cal characteristics in the
re-conputation, and providinl the consol i dated

assessnent to a user for evaluation and nodification

seledt@D2dderib ncyrepleamptivesteps pleetquaing the MiSentedionl, lmmr(@ta from a

candb(%teg{ Oy ded ugw%tilte g’?&{l@ﬁ)}gsq‘?%éilﬁggtﬁgﬁg ck%'gﬁ%ﬂg: flrgctenstlcs from
the IQRSQQecﬁ‘@ﬂ thigdddid %Ucémﬁﬁ d@i EdnboRdatoPEatdsteBSo HR€ possible lesion
system i ncl udes an inma ta nodule for receiving the

furthq:emcs)ajoramggé\eda@@emac |cbara1:t|et1§11cgf1nnhggqaccpn@n@tgcm mgd providing
dyl | ural t f
e RSP PSR b TR BRI GL, o™ @

i on _engj ne conbl n t he nmpdal i.t ssessnent s.and
10028 s o S <P RO DG BB (06 s BRUHED GrveRe for analyzing
medﬁ@ﬁﬂab’le%a{aec% PRgfonaMah hBatoRFatel e ASSDATEM 18 beRBAcGuired from

graphi cal user | nt erface for displaying at |east a
a plmahtm oﬁ ngfdatihies. ﬁFé@l tyateni mgeiedanalnggngatwmddddwéor receiving the
f agno q % ment user ,eva an nfd
med% ninfi%e atan Eg(%a 0 1éna§F LﬁrgfesPng OIPO? es IEur% Ly o modahty

dec1ﬁ6ﬁl L&n@‘ﬁne&dQntcbrfﬁoﬁ&atﬁbnpﬂéﬁmbh eedg@ﬁal Othe i cfbntsdslﬁiaﬁﬁdl @@Jismn engine
mage data and extracts and classifies a_set of
comhww theynedalipvagpessmsnts a8d £e81pu1ng ay infidlirgnestioassppment of the

poss bﬁfé Legﬂm-rfpcﬁn zlgelt mgfial[{g daleldyen égﬁ@ﬁtg%ﬂh%l Gser ?rﬁgﬁgde%ﬁ glsplaymg

he no Ity orvvar toa correspon
at lemdiqbortl(yn dé’dllesncﬂinc& ngagreddfto aloog) vatht tha gnlaalrrhaigiastuy assessment for

ass srrent of OSSI io The dality
user (S@BELRR A ROMSEEERD fafﬁ aaqu@tydgg R pé?fg?%% modules
idenfHi€s 5%1[’51@%@% i eheCRBSOAI Bl QAR SLiPRtLAM Ofssifibs a set of
its conmputation [0025] In othér aspects the invention
modphtcyv|CU@sctv1a$'tlc@usssg@mbdna/uthods possigablkeiog. of Theheset of modality
a ts descrl ed, . abov SCri t on of Dra
Charf%g%%ﬂ“ FEFO9HE 6‘6%2% Ogﬁf‘téfeésc Sl lal SH tobﬁtc"ﬁ’(‘}?p%‘f‘m% modality

decibibiehgih @6t cdnhﬁ;tiﬁl?raaﬁ@deﬂh@y afdssatdne br ﬁ}%ﬁﬁ@ilﬁle%su&heThe modality
invention are explained in greater detail wth

assepsafesteriep el b teapedihipaAsaingn ensidgsys cCompingf by he consolidation

schemati ¢ di agram show ng a
deu%:gﬁ%%%lg%: rglv%(g)&qué e%tl on (CAD) system [0028] Figure 2

[OOiéiDa {?1 &Egr adslpggsr o 191I1enctrlaoh %rrO\tléiIQsC\tlar%ﬂglcomgngt?gn%nan su{)se%s of the

aspects described above.

Brief Description of Drawings

[0026] For the purposes of description, but not of limitation, the foregoing and other
aspects of the invention are explained in greater detail with reference to the accompanying

drawings, in which:

[0027] Figure 1 1s a schematic diagram showing a computer-aided detection (CAD)

system,;

[0028] Figure 2 is a block diagram of major functional components of a CAD

application program of the CAD system shown in Figure 1;
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application program of the CAD system shown in Figure
1,[0029] Figure 3 is a flowhart show ng steps of a
w@e@emss 13 or anal yzi ng nmedi cal i mage data PCT/CA2006/001910
quantitatively and qualitatively inplenented by the
CAD application program shown in Figure 2, [0030]
Fi gure 3A shows anot her prodess for analy2|ng MRS dat a
and ul trasound i nages, inplenmented by the CAD
[002%pp| Featre 6ris prfbngsrcam[t sh@®Bg] stdfis guiraeprd&:ss $oraanhlyamghaedical image
illustrati an al te native es IS ..
dara [T L ATb g R A ragpre Rl DSt F AT anlisaompragram shown
in Figirggre 2, u5|ng results fromone nodality as inputs to
anot her nodal ity, [0032] Figures 4 shows in detail a
[()()3(@0r t 'F%r@f&* NG oRE OfRSRer ﬁﬁ]’@%s ' 98{ FdnggEﬁlgSMﬂSO QB8] and wjtrasound
igure 5 illustrates sc trcally a ti'me sequence of
imageg dinpkinented pyshatidDhappdicatempoodiang cont rast vari ati on
curve, [0034] Figure 6 shows general behaviours that
[0031:]an Fezex pBCis edfl ok clarciinttrami anaxlteaﬁait@e peodesethaf BOBFllemented
ure 7 is.a flowhart show ng portion of the
by thﬁr%@?sép@ﬁéw{l POSFATY G[‘%W% i cﬁlgvéer?swﬁlagtrpﬂﬁtsafr%rﬂnﬁa@?dahty as

mput‘é%h@&th&'?n&déﬁ%@e shown in Figures 5 and 6, [0036]
Figure 8 is a flowhart showing a portion of the

[003 roc%‘t?g%réﬁn%}%v&srln’ﬁkﬁﬁraﬁ)q &%ftﬁé g%g‘é%(s%go n P PRAY étﬁat ed

resul Inin ogl ca etics ures,
[003&]8?223%?%%95["51%3%21%? osV\ﬁ’ 1ca{Tat Iaﬁalsgr/eqan exef“gxeglcgl images and a
correSpordaid @m&aﬁfvaaﬁlt@drydlﬁdel mages of two nodalities and a
consol idated result, and [0038] Figure 10 shows a
[0039F OCﬁg%r@‘%dslht)bv@%eﬁé@ﬂbéﬂ&@fcu@@)‘é@cdd"bf ERPEER DI Okontrast variation
processing i mages fromthe sane nodality, taken at
curvgli fferent tines Detail ed Description of Enbodi nents
[0039] The invention relates generally to the field of
[0036]onplFﬁgtre ai isleadlcamhaytsshswhfg mpdﬂti@alof ithapesesarstiown in Figure 3 for

t ect f b I t articul ar,
cons AR PN LTS SRR RB R st om f or

ocessin cal es obtai ned frommltip
l003$doda|FI$qr% is anfiwrd’iaﬁgs gwa}gy% partign qat{awoegss(a%owm Fygure 3 for
prodaaﬁgts%@s%sakd fe%éﬁ %ﬁg& gﬂloramoglfa{ i k&gummés

romrmtlperm 1es, I nc I ng Kinetics

[003aquari;t‘ @t9| s‘ﬂ?')v B%ls’g% C@lep-ép%ﬁg S&Iegﬁ ?%Sl)ay,%}gwdmg to a user a

oche cal
side-by-side comparison of analyzed images of two modahtles and a consolidated resuit;

and

[0038] Figure 10 shows a process modified from that shown in Figure 3 for processing

images from the same modality, taken at different times.

Detailed Description of Embodiments

[0039] The invention relates generally to the field of computer-aided analysis of
medical images and detection of suspicious abnormalities. In particular, the invention
relates to a method and system for processing medical images obtained from multiple

modalities, including analysis of kinetics as well as morphological features.
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achi eve an optinmal discrimnation of inmaged suspicious
abnormalities, such as inmaged breast | esions
wokooplosdeod)i cal features of a | esion are gener abCCAb®SEL01910

associ ated with size, shape, signal distribution
within a mass, or border characteristics of the |esion
They i ncl ude features such-&s whether a lesion is a
mass having a round, oval or |obular shape, a nass

{00444 t h Theoowhntidr ceghings data sfpbroumattepde boedkditiss, orchaling kinetics

(avard TRy ooR R aha g R s TruE e GHEkfe a2, afprmation 1o

achieve O MtimalUbiséAGRidfion O Hragdy suEME6Ss abhorhidBiges, Atk as imaged
fromother nodalities Kinetics features relate to

breass legins. tMempbplagicalefeaii ey ofot lepipngerisenesillyripaye aspocated with size,
shap{,/giqgrgarl] Ccﬁstp {)utl(ﬁma%ﬁlmor fng?sg %r Ctg{rj(?e Qﬁ?&c{e‘:fﬁ 1&68{ %CFe?es%f They

ta generally F &1 'er to, are not
inclutlé fetelep antlen twheder masiloxenhamagﬂ&mng@f raued) m&s of h)balar shape, a

scanned anat.ony vol u t to admnisteri n
massc By é‘é‘f’o‘é‘g eHESYAK O estpﬂcé‘gati‘g C?K?&P%ymbé npe Vmg mogeneous
perip gﬁpto'r e 'eﬂﬁeﬁl%@ﬁ@ﬁt' M&Shdl!)%léﬁl {%Et%?éé) ol bd léf?t@adtéd from MRI,

washout) Biochem cal i1 nformation can be obtai ned by
ultragmat! pz |xrrgy MR&:ed avramage data fgpeotheosodpliteesi iioetmatfeames relate to
% det ef"s{)n ne. thg ‘gr esence ggd rg.l ative concentrati on dat
signal gerppQrRlPehaRign;Of A %gf‘(ds‘ﬁz%‘ﬂ“ A S EIUEIELY | 'HRSSPT rage data.
Kinefify fANREY oOMIRI ditai gendraflly Nefee t¥OMR! ar@os evfedl toV 8RRl dependent
These information are considered rel evant in

contightaRphaRicAYNEINEBIONAILY AAINEY 2By valuimsnsubsestyeaintoj administering
f

or QS LRV S5 B BReL Gl LRSI g o

type fldr(wasiohi)ni Bigchiepsivditisfor matiomjeantd bdtthined bandalyzing MRS data, i,

gualitat]ve analysis of the nedical data fro
SPeCtr‘i‘ﬂﬁCf’PlﬁI‘ ORBHAP 1P &tq%‘“&ﬁgﬁipﬁsﬁn%&ﬁ@dnﬁg%ﬁ &angeaupliqn of marker
chen{lgeﬁ‘f'%f]ucﬁl Jsh&‘égﬂe acrgétﬁf%n g§t31p: M%S&HE@} r{rﬁym e gflggi%l\r’&dseveral

fromresult of any o ki nétics,” a norphol odi
voxelsi odhesd odidrn{dtioe are s:pesticr@é crel@lvm)t mnahgmsmgotadcmagex computer

oo MR ET Raohut ot SEPRRUBSERE s bof Bpchemica
infornf¥igh fidin thh&li@s SaSIAE MatLRER lf&eéfomtﬂﬁmg %Ehlﬁs%%' dRatiQbve and
assessnents genera |y are derived froma |arger data

qualigasive g yshve pfilesr enedicall imagipe dase dros anylgplecalofslities to obtain a

or exanple, the analysis of tinme course
Cons{zﬁdat%)%gmgan be perforned before or after the

val ugt.i on,_of the |esions noyphol pgy t-con t
1004F} 2 2R G oo e unt B BimdeHied g FoRN 8y or o
kinet®! h @id¥pkblediad! Y ibSochEMicAY il el ?S@ird@ﬁé;ﬂ&) dn@lyRRIJfemabd gata from a
the next analysis If results fromthe first perforned

singlgnglogality, (qogrbisigangsselts rgret malipds angdaligies ateade|teajrciease  the
confﬁl@g&e@%l\{g the eﬁgesgrﬁéxttt obtained, as such consolidated assessments generally are
derived from a larger data set and therefore tend to be more statistically reliable. For
example, the analysis of time course kinetics can be performed before or after the evaluation
of the lesions morphology in post-contrast images. Optionally, the results from the first
performed analysis are evaluated prior to performing the next analysis. If results from the
first performed analysis (for example, kinetics analysis) are clearly suggestive, the next
analysis (for example, morphology or spectroscopic analysis) may not be necessary. On the

other hand, if the results from the analysis of one mode (for example, kinetics) are
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anal ysis (for exanple, norphol ogy or spectroscopic
anal ysis) may not be necessary On the other hand, if
wo b@7nesuits fromthe anal ysis of one node (foPCT/CA2006/001910

exanpl e, kinetics) areindeterm nate or suggest benign

| esion, a further analysis ffor exanpl e, nor phol ogy)

may be worthwhile Further,” ®sults from one anal ysi s

may be used as inputs to anal ysis of another node For

indetesnainmteer suggast benigh lesidol nduitber ambisissifer granmplalmgrphology) may

i ncl t identificati f.a lesion, h b .
be wBEWHHE PFve” Sl R Peh s aFe B ushd oS Ry 1o gyetvsis of
anotth 0686 [ G 2¢xamipllr eeshitS NEWa &inREEP Wnelysid] g@fderally include the

detection (CAD) system 100 The CAD system 100

identfficgtien ssa dptomnwhicheMay nkgyaisedanel deathsbiegmeatatipp diprt of the

ti dalities, including performng kinetics,
monﬁgkﬁk%kgﬁggal and spectroscopi ¢ analysis, for

00 norht? raPiRoRouinARe S ke RaSEGRPY FaknTAE e cap

systeA P06 b @Blet MR dhasy2eselh€dl ardnegh ndtAead GemlRitiPhe modalities,
nmedi cal i magi ng device 102 is used by a user to

inclugipguperéoriang kifietichaperhalngiabead bpeseemapia@nelysisndei prpviding
diagr?osﬁ?.t is?&tsrg t%{@z[s@@toﬂ @%&g&gﬁgﬁ@lc‘s} 'rﬁoifgfga iPf and spgctroscopic

conti gure use wt system r exanp
featurdse ThedCAdl syisteag @80 iy a beedidat s deviondel, TKe masdical imaging

M T R RGN .

patieRHCDE®IrentNRagRL ABYAIKIERERS HRMcodBbarel TOMR With habAB system 100.
I mage or data acquisition device [0043] |nmge data

For exaqpie;, ébie medichkbimagss cedy baralgiasepndewiages, D02ay gnggeavViRédmages,

to onput er for progessi ng. Al t.hough in Fi .
comphef FEMEHRy X Plae®l PG EREOT o ne pPhO§PREY images.
PETHET, afule@€ MRSI oPaHyP@sses @M o a SuitdM GadRdor data acquisition

conputer It may al so be an enbedded system such as an
deviggmbedded systemin an inmage acquisition systemthat

i ncl udes an nedi cal imaging device 102 [0044] A _
[0043bpUmege platigreqniredeby riberensdical sofagwgr devagp|lDB aisi pavided to a

for orm ng.t he functi ons. of CAD system i s hosted
comp B8 b ottt oA RIS el PRI g8 Shun. the

comfasr F04AMAPBE afy geriIgnepdse coipluRs POAdicdgated compliter. It may also
nodality, there is a dedicated conponent For exanpl e,

be ap gwpedded systgm; pudotind ebeddsd srstanan aRdMaged peeEsidRTHSystem that
ﬁmhlQS&DE?H%MﬁﬁﬁgH%qRURQQthy The ul trasound subsystemis
e

edicated to rieving, processing and anal yzi ng

m"“éLLé?ﬁ%%ﬁfﬁé@?@é?@: di riygle?}; laysOfM]a% %p%)ﬁca%ogfor performing the
functions of a CAD system is hosted by the computer 104. The CAD application program
106 has a number of components. Corresponding to each modality, there 1s a dedicated
component. For example, there is a ultrasound subsystem 108 that corresponds to the
ultrasound modality. The ultrasound subsystem is dedicated to retrieving, processing and
analyzing ultrasound image data. Similarly, there is a CT subsystem 110 dedicated to
processing and analyzing CT image data. Corresponding to MRI image data, there is an
MRI subsystem 112. Corresponding to MRS spectroscopic data, there 1s an MRS
subsystem 113.
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processi ng and anal yzi ng CT i mage data Correspondi ng

to MRl inmage data, there is an MRl subsystem 112
w@eowresgpendi ng to MRS spectroscopi ¢ data, thereCT/€A2006/001910

MRS subsystem 113[ 0045] The CAD application program

106 has a consolidation decision engine 114 The

consol i dati on deci sion engrﬁ2'114 receives as its

inputs the results fromthese nodalities, nanely from
[0045he TheratB@nplicatios psesam 108 has peomsplidatipndecisinniengine 114. The

consgﬁ(?atilgﬁl de§f§p)§1ye°i}§%fg ﬂﬂ@rec@i@gs L fis E@%tssﬂ@sr\éscih&r@r&fr?fhes@qﬁodalities,
conputes a consolidation assessnent, I ncorporating the
namé¢le Stdn thefultoasoead bubafsteéihd98, theddl subsyssent &0, BAROMRI subsystem 112,
pplication program 106 may use rules built into the |
and %Mﬁgafﬂbaﬁt%? ag?,a@ﬁ FOrRU T PR Y MNatASEM At fcgFporating the
resufiB b ROcdARBRbEHRE dSiel CABpEER fon! BHoERintTRG By use rules
derive rom sanpl e | mages contai ni ng beni gn and
builtnato thaapplidatish pnegram @ssterbd irs hedtabasen 1t fat instkingathe consolidated
.nmode or, est abl i shed enpl oyi ng any suitabl.e .
deciiig nSEHSP 045 TURREITA b RBCATP B mRRE: TNt PgRgn phd malignant
lesioW® rf SdstibliéHad 1ESmPiiktidaSmaddIs 6r ERARIhET 8y ledkb16y1aE any suitable
allows a user of the system 100 to view nedi ca
methodalges, to mani pul ate the inages and to interact with
the systemto process the inmages The user interface
[0046P0 imovarksaticn Wi&plpyvided The vdirkghtenn b/ piowides a user interface

i ay Sscree or an | e .protector, or any other .
120 §g? PG T B 1o s P S B iR ey RPMaRbiIEte the images
and BY Re@RE Wigh MRAGGEIM tdTPARSss! Be amHSRT BIugRk 88€ARdeNR0 includes a
graphi cal and textural contents to user [0047] The

displaprik3t alhodispleg wrg pe displangeredat af amdmagss pratestor, or any other
. n d h ' [ e

i BG4 8e G0 SRR, bARCRLROGAAD G 85 e an

pres@Xmaraphidaagkexfutdrooe@ats tooskal i ties as wel |l as

features extracted fromthese i mages may be displ ayed

[004t7p t NEheUSOFkstfiEN NBYdiflah SPRAY 8sla SinderelMtsShdhera0d b&he CAD
sane display to nmake it nore convenient for the user

applicatiprm REogsd | 18§ fost gser dgifembitategdingndsiseef the imegesebynslei mjer. For

crl RS EE A R LRI S3. 1/ AELRY B 38 s

be dBphARedtdithe mayr. BEhepreaypbpdisplagst, siderbpisidercat thegarddiisplay to make
. results that are automaticall|y detected by the system _
it MYY5eCqFVeNFH aﬁ@e YL JogRRSt 2 Staesaut i dssiops edsapliedep Hese medial

ima%egeassmileﬁg TB¥urRb S&taed NAND AQ b@ehig@%htéoof Rhg%dg)ﬁ&{, a form

o confirmor nodify [0048]" The user erface
confatmsiogitn ohedias siangartls deyi iwegreg@pulatad, ilverps@ingt any results that are

o e B S e R AoPAL e 05 R4R St
by the system may also be shown to the user for the user to confirm or modify.

[0048] The user interface 120 also includes input devices 124 for the user to interact
with the system and to identify to the system particular regions of interest in the displayed
medical image. The input devices 124 may include a keyboard, for example, for the user to
enter any textual input. A voice recognition module may be provided for voice-to-text
transcription to allow a user to enter textual descriptions of imaged object verbally, to enter
other textual inputs without having to type the text, or to issue any computer program

command. [t may also include a mouse or some other pointing device for the user to
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medi cal i mage The input devices 124 may include a
keyboard, for exanple, for the user to enter any

WO 2007084615 nput A voi ce recognition nodul e may BPET/CA2006/001910
provi ded for voice-to-text transcription to allow a
user to enter textual descriptions of imaged object
verbally, to enter other texf&al inputs wthout having
to type the text, or to issue any conputer program

idecwifiyna patictlampikebbs cegiorcblithe medicalsmage ts dmssysteherDisplay 122 and

) ointin evice for. the us oi denti a ular
inp4icedd2f VTS HRSIRY reabiaad o1 gt p Rrd LA unit, such as
a tGAhRcAYn 14 @@debwyft b&tﬁ\algp%syxag?%ragam ha temﬁl &ﬁbdnyand receiving

conbined into a single piece’o ardware unit, such as
uses mrmﬁc hT@cu@ennttetfaCte 13 ctapﬁal@!se lo¢lwi>©1arrednosepuwyumgrface such as a

renERBepal i &Rk oS hide. 0L AR feifs E iR agdiplogists or

physiigisf e a BlebmasinRali@iBEEvIre N8 NalheOteledoMBRINEAYS BEtwork 128
126, for sharing results with other radiol ogists or

map hpghesi mpderanied with dliselorablmeermertin. adpewarcaimswqtke(LAN) or the
f
Inté&ﬁ%th C Q{I Qr%HJo?@ltléb F Ee]nt%g%]c\r%ga(l:ltlélwé %Sp}ggl?élalﬂet %?Iétgl%%ﬂ%@eﬁ{a%gs obtained
by (drANpenitort fiom nt anett Tk mamotaeay usedificati@r fiaceabtimews results
a physician to . renmotely revi I rages obtai.ned by an
auta%?é?‘arpr#w? R g pstsim Loty fﬁe?ﬁaémg % WIS AP NFYf door to the
meliRal 1rﬁdg’ff%03&/1(feefﬂ*ﬂ SSwalsQTBA I1 ¢4l dr¥in Rraduses rhy tﬁd"u@and kllometers
system 100 A physician, whether in a room next door
awa)eampuike dlaghoagibngnghebé meat®@sepintewdadest ati on 118, or
inafacility a few thousand kil oneters away, can nake
[OOGD]agnoEieﬁsylsﬂermuyhaltm echelepbewuber of ndtpof pﬂl’@hﬁ:ﬁﬁﬂmﬂ sbhdat a user

system 100 al s es a gynber of o_%g
ma%é?ﬁ’rﬁmé TeaP s e f§§5‘ tana?na ey W’} ghP e Py of the sygiem.  For

exdn§sidll the oQtfpulaﬁer%@llaYSﬁh% ﬁﬁﬁﬁb%rbr%eroltsbeén&yaﬁmtbasgd &fb%per based.
system For exanple, the output peripherals may include

A ﬁlnpbawﬂemnmznayem head tblttamﬂgad@dnwchamegesbasmj the original image

o PR FABRG o BBL U ST PR 0L 5T 8 e

filhé@@Baded A pPdpeRbisedl peinterWhihald®be dsed@ e prodasd h&idS®IpYreports for
devices that require a filmed i mage A paper - based

shapinig vy ight otiliiﬁgzpla&ISW%@r dierearchisingrrvereses. hr aldatinsy theegusputperipherals

h
138 52 AL RODICR BT RLVELELS O Lfrfl i Bl pocesa
resuing huciel yRloGpvs coiige 8 nénetkavd Bﬁ&ek@éeﬁaboeﬁhan&ﬂﬂs@bﬁged reports.
or storing processed results, nanely conposite inmages

[oozener aftrds gbaent heo ﬁa/ssatces@stt@g@tlhﬁge WchiveasBRE136 €D he image archive
reports 050] The system 100 has access to an i nage

Sewrclrﬁt?v@ax bp \Pérft of 3ke Tisten AiGe lanehplve bsarodded e amyteml service
dq/?t{err fk ﬁ\ Lhe h%yﬁ{a?mf&glpaéloh S%Xmallzg 121%1% é{%l}{ltvgl%grvgy 136 has a server

ernal service provi
databdseridat fioe mtosiylgtaechlirédexrmamgamr CWhate tieeCHer ag@Biati@s peogram 106

req%gsrtg grrchwed images 140 from the image archive server 136, the image archive server
136 retrieves the requested image from the server database 138 and sends the requested
images to the CAD application program 106. As will be understood, the archived images
are all 1images already acquired by a medical imaging device. The archived images can be
images from any supported modalities, such as MRI, CT, or PET. The archived image data

can also be images combined from different modalities, such as digital tomosynthesis image

data. The archived images 140 are not necessarily of the same modality as the medical
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dat abase 138 for storing archived i mages 140 When the

CAD appl ication program 106 requests archived i mages
wa4@7hswni t he i mage archive server 136, the i NBQECA2006/001910

archive server 136 retrieves the requested i mage from

the server database 138 and sends the requested i mages

to the CAD application progTHﬁT106 As will be

under stood, the archived inmages are all images already
imagogud avert 1k9)2 thatrre diuceritlyi dreagilp gouieact atlgto Thecamphtev .  For example,

e SRR R RGBT L0 AR B RO RGN TR S B aotive
serddr 986 fay ERPAR iLAER 12dirdd provRiublef&hta 0PdRkiihb@Bvice or an MRI
such as digital tonosynthesis imge data The archived
imaginggleyicpaburghes, dirugle selignrd | theet istshews anly onsdarage yrctye server
136t I'}ewnﬁ’?e &r?g#g%gft tﬂgt t;ﬂ rﬁ%y %‘% rgrepvtﬁ azftlmi%ﬁarc@(/e serers clonnected to the

corﬁﬂiﬁercmlpumea’ddﬁfﬁm leechcimiaecréiivd Sereer 186t ﬂhays @undedegmglyngave only
device, while the |nage archjve server 136 may contain

one; Faiahase. it MAYr Rayeprcesss 504 Jumbamiadatabassragnd ghage dardasss may be

phf§%MMBkwh%HQ{@@& y@gg Further, although in Figure 1

ere Is shown on one image archive server 136, it

|00§i]| l %gstléﬂldr%fa%dog etngl%%ed d&ffe[ gre%x%}éﬁ%‘gfo\{eecf %gitlhniag/ﬁh the archived

rchive servers C nec

1ma@ddl40 OFor eanipld, neege clavedinvaes etayeie st@6d Alvyig Mth annotations made
qﬁcessarlly have only one database, it my have access
on

DaREER PO HHECA PrextRy PREBES g4 sagEs d Aidy gferably, the
ima2B %S de¥vdraastss @HS Qhﬁlbﬁ?@fc@wﬂ @0??;{1&9151111 egg}{%%n as images

rel ated or generated data are generally sto
of athgydbimeats WCthraStJHEGaBéﬁMﬁd’d ainrag @shets} OAfortateos,nquinenertt$) aesults of

archi ved .be store t h .annot at,i gns
i GO T PR Hy S Bt & o e 33T Bl g nformation,
sucRR& Y& 1D, AhteCtrABNOShSp Glpeo 25l emakdsy and B&r aB&HEEn or modification
archi ve server 136 supports archi ving DI COV conpl i ant

of Jetesipssfeatases\adl dands reeridedsionfeadt arehivedmstanse sfiz praggssed image, as
fPEG, Bl TMAP, anong ot hers Annotations, comments,
wel X . .
results of imge processing all can be archived as
COw li.ant fil.e. it .information,
0330}, Hiefed T SBER I ERe hh T iinsriop idbasgnts of the CAD
appliERARSprodich USEHE 8atdehb&iImeht. "RElkidverld PiBuRS 2 A&t eXredpplication
features all can be recorded for each archived

prograst dA€ dasfanaingee chiss awdiivad®2, asrosessing 008l 34gends aomodality
dec 019%5%5? app(f :f@grtre?%‘r\]/&f a%J a%lly%xgl%q%;agg ggta.c n%nglgl?%nt ?sc%i)ed in detail

rogram one e

bel@\hOL\hB ithfigdrdggalmddale 20D eetﬁé@samagé gah ifiom ﬂé@l@ﬁl&fﬂa%&@ de@ize 102 or
. an imge data nodul e 202, a processi ng nodul e 204 and
image FHEATG 36V delO0sANdrPrenEIhEscR O, infage datttej esimsigmases or other data

froﬂ”ﬁ%%ﬂa@g daPPes e %ﬁoc\é@s Ag. qﬁlaggss%thg%q Add gr%t-ﬁ"ol:essed by the

image data module 202 are forwarded to the processing module 204. The processing
module 204 is provided for extracting information that are relevant to diagnosing disease
from the pre-processed image data. For example, this module may be provided for
identifying suspected lesions in an image and extracting from the image those features
associated with the suspected lesions that are considered relevant to diagnosing disease, i.e.,
discriminating the lesions. The modality decision engine 206 classifies a lesion based on the

information extracted and computes an assessment of the lesion from the extracted
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bel ow, the inmage data nodule 202 retrieves i mage data

from nedi cal inmagi ng device 102 or inmage archive
W@ 00596186 and pre-processes the i nage data tBCEXAR@6M01910

i mages or other data fromthe inage data for further

processing | mages retrieved and pre-processed by the

i mge data nodul e 202 are foftharded to the processi ng

nodul e 204 The processing nodul e 204 is provided for
inf@xtatiaet Sngh dsséssmentt ¢aorbetdeatputadefar ekavplet based di agnositaigished set

di sease from t he -pr.ocessed i mage data For exanpl e,
mn?k?Qrﬁgaﬂﬁénﬁﬁ uﬁgiﬁggwggbd for identifying suspected

Lesi o i n ijage and extracting fromthe j e
10058Dse PedttP aepiEtice Prasem 9P s PREuIat Bl @gh phUnagsaata module
20ie, *’G}Bcéﬁiﬁg GRORIIE208 danﬁe}nl%ﬁﬁﬁf;r Je@isﬁina%gg&i A6 dia§ €A8&mpdnent for a

, disctrimnating the |esions The nodality decision
suppngeh o2 yc| s sixhingls, sthd weildny blasieidnamginec206 has as its ultrasound

i nformati.on extr.acted and t an_assess f .. .
corpfuh L8 Ry P B OB oT¥ e 2BRT R GRS 3P rBRRE] 2R ks decision engine
(noRSIERSHHTERY it IR IR o ARt MR orhoAdE3! @ocisRASE@E RN 1@ and an MRI

pre-established set of rules or u5|nqﬁa pre-sel ected

¢]

kingliggotectsivn EosRHL2THES amamags or sesdtdagotsnigesd Eamapparfigular modality

- rd [t : £ e .

' }g?get:g Lee:asllj}lnglerg ul az)ﬁgg%%élr% B%%S‘a It ;‘l:h %%g%se iocgﬁsg%n%?t%és Er(%essed by

theh@srespondinganedalityf comporguppdritnege dardatddiuje 02 pepcasgpigemodule 204
the npdality deci.siqgn engi ne 206 has as |ts ultrasound )

and; Biodatendeciipn, Figias dlifid CEpasieghh %fﬁ@i%@ %%,quPLe processing

moBQIERRIEMY @Hamsd&%éﬁ&%?n@ P64 Bea Q&%uﬁh WA lity&BEn itl{essubsystem
MRl conponent an MRJ norphol ogy deci sion engine 210

of ahad md¥Ry. kiFnetexewpliecilghionné nyimpengit? Ksimagei deatgemodule 202,

dat i ned frol ticul i '
preg pBs Bef § PR B cnof T ArBoh hiipf GgP ke vlfpsound subsystem
108. Mg Baile HHARs GAHAaI0F aRGBEEEEEMRY Joﬁ%sﬁ&ﬂ[r%%@rﬂ%h&ﬁ is added to
nodal ity conponents of inage data nodul e 202,

caghrifdmses Aeja maetiyle20) pregessing awdie\20daad sherdalishdfcieopegine 206,

o RPN 5 S LB 0 TR 38005 R e 106

Eachalility réquires tiReoveibsyipdresmt o€catibatin @oskahl intadeodata obtained from
exanpl e, ultrasound conponents of inmage data nodule .
ong mwdalityoRica|ln aws FGIaIN YUY ASHesdatqtt ipued én Githsn modalities.  For

exdk NEeriiP gé@éﬂo&f}\ﬂ? ch'zlr&cét?ﬁﬁfég sSHRRYE LeW &19%501;%3 hagle such as

| mages or anot nodal1ty, a correspondi ng
eclooppierent génsradigjded hot eslubitaf in ragy deatges.noSuhidarR02spectroscopic

rocessin dul.e 204. a dality deci sion engine

p“%@@?*%fgﬂgﬁggﬁﬁ99WbK?%egﬂg£8Q§@H% overal | architecture

of the CAD application program 106 Each nodality
[005dhui rldguietisshon BEMIBhEMAAbY s WO PRPGBGET HY each prgsgss module
2083h@ Rt 8ifio PTheRE 2H8d8hd EYr SroPisSRk! MdNAYE &R hdkfhological

unFque asagctélnot g%und in ot%ﬁérnﬁhakf¥ﬁes Fgrﬁi Phologica
characteristics associated with a lesion imaged in an MRI scan, and another component for
processing and extracting kinetics, namely, temporal, characteristics associated with a time

sequence of MRI scans.

[0055] The CAD application program 106 has a consolidation decision engine 114. The
consolidation decision engine 114 combines all results obtained from each modality,
together with patient data, to compute a consolidated score for lesions identified by

individual modalities. The patient data may include, for example, risk profile of a patient or
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exanpl e, certain sonographic characteristics

associated with ultrasound i nages, such as echo
wW@aie59s3 generally are not exhibited in x-raRCT/GAY®S/001910

Simlarly, spectroscopic processing is generally

unique to the MRS nodality [0054] Figure 2 shows that

MRl nodality has two conmponedfs in each process nodul e

204 and nodal ity deci sion engi ne 206, one for
theppames s ihngorgnat bothr adt niskgprodlgnaldoly 24 is provided. The risk profile

RS DA B BTG GBI g LA PGS e Fisk profile

inf6hdi R tdnd PrédiB&! the Sesutd RIS, coh@MARi S de Gk 8difE %g}i R$sk profile

~ associated with a tine sequence of MRl scans |00 o
infreatioAmapiprludapresangsrdgpetia gendsase &, Srmsiolaneritshaneptibility gene
SRR A0 A A REa B HEBHIO T ) SRR o paen
histq@gehbdile Withepakisehifordation fedtim@imutL patic@Rskikiodat @dcesses the
_score _for lesions identified by individual nodalities
histgig lﬂt@(métmn and d)rwgsi.esi the| mg@e’ssqdohls%ﬁﬁﬂogpatpqrsko the consolidation
of i - . ' ' i. :
defiGh Ehin? 118 PRlon? Bl wi ALk R ot SbRE g hbasp Bl previous
diagookid eandlreatxtensscio$ cansde. prRdtiehe hisntbgr mefbimatidnr emaya also  include
.fdatabase 116% R%ocesaﬁf thelrLSKE@%ofiLe i nformat.ion . f
infaipation JoleHas ' HRASEE Of Miessafrs 1eHan LSRR JHTBRPTOP U SU i psions, for
ex@h@kNefeld thoRihs kigBr ahi: lp8tid i hk st QIdBYe EdMClsedRe information about
_ presence of specific genes - e g , breast cancer .
imgges deksni e Vipes)y ged dirged|tboinagsvrtamoBREAIR )to Actpavd these previously
history .modul e 216 is.also provided. The patient
takih By iEriSTE R PagR MRy LY Hgks SR per t i nent to a

ient's histqry, processes.the history informtion
od38h' or b agesdteton BeBSERCSRe a1 Fir vt Gineiyaf femponents
TheQNHRkidlal I8mpdR&its iiluRNS i RsifiddionPalolgRt 218 St REWn e module
include famlial history of breast cancer, previous _
220, atpsysiexteah dnadutea? e ang aoftagiagessesshzent erndulsi 224or Yhe same lesion
i nf.ormatd on _may._aksq i nglude inforoation, el atd t
serd e P e P e LRSS R ST PP s 2 22 By 224 may
inch@RSdodiponeitd forgxaombiag tike ntie A fismageh tddalpgt Aedposite image
hi story nodul e 216 can use the information about

cap b feacegl eandpiisr)pysdstoyshemdregrite fom meltipegodghiies. For example,

. : [ i ..
res?g? U{(’: g%@%oh&’m_(/ %td{l 'ﬁ)@.\é%ettleﬁg %ﬁtooe{nel\[ﬁal%g t¥nt @F 2 &Hn'[aggglglldahnes and

arison”w i mages currently processe
shoie tapetieohittiahé omagde Clitei consaddgiioreddelddomaseise Vb arrelates results of
indivigu | .components These hﬁdividu%l cogp%%ents )
anglying fBe deypPRsEFY | 1B atRagss nBtHE S Peochgmicak jigiormgtipn on chemical
coffBEi6n 828 td@nbettAReEMtAh AREALL 6xe? 82 sinBRA 0ReINIRY AAGlysis, from
assessnment nodul e 224 The sane | esion genherally can bé
mudigidn niadahigstto predugp dabinsolidste@aashltof t he nodul es 218,
220, 222, 224 may
[0057] For example, in one implementation, the classification module 218 combines

results from all modalities to provide a possible classification of the lesion. For example,
local morphological characteristics, such as local spiculation, local branch pattern, local
duct extension, detected by all modalities can be combined and compared against a set of
pre-defined feature list to classify the lesion as belonging to ACR BI-RADS® 5 category or
an ACR BI-RADS® 4a category. Similarly, the lesion-type module 220 combines results
from all modalities to derive a possible type of a lesion, such as DCIS or CA. The lesion-

extent module 222 combines results from all modalities to arrive at an estimated size and
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i ncl ude conponents for processing the inmage data from
each nodality A conposite inmage can be generated and
wale@plosgsesl t o show results from multipl e nodal PCT/€a2(66001910
exanpl e, results of MRS nodality can be overlaid onto
an i mage of one of the inmage nodalities and shown
together with the inage The" &dnsol i dation deci si on
engi ne 114 correlates results of analysing the | esion
outﬁ&gedmet'rimgms»pr bﬁdieddsiwg Fho stagmigcakessmewr maduleo 326 wombines as
. C QIPOS tio the tunor o hr.ough a
inpfi P $elsF T 2D it s e e PR iR p g extent,
togBMEavith itRS pAtenPk @Qu @eofde QAN pARhES hrsaﬁyhﬁfohﬁ%ﬂ td-8émpute or
exanpl e, in one inplenentation, the classificatio
profueiut cugeEsted gisistaentraidations sfage m Tl conslulated r@sﬂt, ovhlch includes
cla%ifgc\é%?rz,, t?fpg,g%ﬁi' %?n&ﬁéﬁazges%)gffst gl? ggisgége% deaslagoﬂ?)s!: ﬁ assessment of
lesioAGalke Spltailato theusdr dlraligibthanedr iprtfaed 0. I ocal duct
extension, detected by all nodalities can be conbi ned
[00380 CanRal BSuadRitbsd ofeSRipl&hehtordakd MEE pbaafialr Bod &&inple, one
to classify the | esion as belonglnq to AC& Bl - RADS(r)
mayp hewug epd piiraseurdnsuborten fRaprgcessing iligatonpdimagisni N%mfrly one may
e | u e u f [
ha\{e:}a da I1%§obm§i£$efegog%gp rggult@yg 1dsk c?m !»It netsrflgcﬁ}l@ and a staging
assesmBal Module Gavdiee td pmcen;mgt @irhsauad unegéd2 2080 may hese another MRI

result fromall npdalities to arriv an esti mated.
subgyspem ﬁlabd]@w e QE/Bngl@?ﬁ“Jécaé‘SHt'@Gii‘ﬂSf ?‘isrﬂé‘ -{yge BAd u1*1=re(f"eswn extent
modhi@9hg s@&%?gs%E@%ﬁ@méﬂ?%B&l@%v&%ﬁbﬂon@%n@sﬁmgn%snﬁ&%s or other

results fromall nodalities and the sol i'dat ed
subsy siern$ fwrcetheromodalyme ahdoasdligation togiet veH thert bombige results from

a £ rofl and t he ent. s Ri,stor
eac] nIF]B&ﬂﬁ |s8 sys{ HP uge &cc&s@a%?eéd 5es§ﬁ g gggh[eé 4m lementations that
pro}fiRass fRitkssafe &teﬁumlesﬁ]a@ﬁuﬂéa utedtalihé dat Rdduiesdifferently are also
whi ch includes classification, type, and extent of a

poasw @h leng apedl] n%@ssgwgg@g%smodwgra@ﬁass,iﬁa@s@sdﬁémm@mon of lesion
type Ido s1§)¥1a%gt31t Tﬁ%Sho vtlci)edt Pﬁ %g%{odt F{lgs 02 dt 2(?%18811&3’[8(1 result is

ace tnder St
obﬂampdi ﬁmsﬁn:t@tsolmsmglrmhb ﬁﬁnlpﬂlslﬁb(ﬂ)dlﬁleEOr exanpl e, one may
have one ul trasound subsystem for processing

[008b} r aspHindohsTBEREd NSl ¥, suBfe@t FRMsdradt@fiAmation or modification. For
classification nodule, a |esion-type nodule, a

exgngEe, chusek Cath Mo @meaut%mwaﬂzsﬁa@mé f%@r@sgﬁenmamﬁmneone of the

o ARIPHEP AP IEIED! BRI, PERRERCSPE TR IR i on

motimlity ey dfésk datettypﬂesmdwlite ,redpesu tonrlexvenat thﬁrﬁﬂbﬂaﬁty BRel, and may
|ng ssessnment no devoted to processing M
furihsaggte g Grrar g@&ﬁ%@}@& BrHsex BRY Bl SN AIeRHY B gonpolidated resul
autgﬁgﬁ&{ll'ygﬁe&ﬁ?;@d% gﬁ@&?on%l idatibR@Reife ”W}ﬁ?evre?ﬁ'fé %&dlﬁ%ﬁf@n is made by
each al sys emto produce conso
ther esen| the(lnhélﬁcamm erenmatunoragedt hatk to processing module 204, modality
decision engine 206, or the consolidation decision engine 114, as the case may be. A
modified consolidated result, including a modified suggested assessment of a lesion stage, is
re-calculated and presented to the user again for modification or confirmation. Once

confirmed, a report can be automatically generated, summarizing the results of the analysis

and assessment of these medical images.
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provi de the processing of nultiple nodalities but
conbi ne the nodules differently are al so possible, as

wo e0vg/0ss1Rl | necessary processing, such as PCT/CA2006/001910
classification, determ nation of |esion type and
| esion extent etc , is provided for all nodalities and

a consolidated result is obtalhed from consolidating
results fromall nodalities [0059] This consolidated _
[0p6eglul t In opsratyre et usendingts thedrADrapati¢ation grograui Kioctatretwieve medial

. For ex | e er can.nodi fy.an automatical.l :
imsgped i peisrdrEBY An TRe R ARV SRHSEOH o Fidrinath Rrpppusty scanned
andogahived @fadds oM ddta BRNARRIRCARhiOE stRat 136 Yor processing and analysis.
nodi fication to features detected in one nDdalltg may ’
The pase tmayeissiet the Wineetdan fromy thp usersipeestace 2@ prassdeshbythe workstation
|t r - -
g RersRafiples 4 p Sy S EPed IS SAIRGsG B, Figurg 3 showsin
flewoctneal fodabtes praesssl 300afstiomad ibgaht Y AID agplédobyprédiém 106 to analyze
consol i dati on engi ne atever the nodification is nmade
andyProgess (jagges COMAINRHY) FIF (RO a0 SRnTTAL & sonsgligniedassgssment.
processi ng nodul e 204, nodality decision engine 206,
(08¢ 1k he Féig of ishews dhree erardleh pubrigpereses,1 namely, tahpatieas orofile data
e a?s%b— rgpegk Bbf,daéﬁﬁfi‘%%h&’ Qﬁbe-gro%gé %ﬁ; addna(fll M% rg&’b-?rocess 306. The
nmodi f1 ed suggest’ed assessiment of a | eslion stage, s
subeproedseas| @t estloan chsppasiehtpededsaest hBhess esubagadensek Qite not necessarily

nodi ficatjon or confirmati pn Once confj rned, report
S L rgtéﬁrertgfyeafe Sfenedess ﬁg caffp oer.  These sub-
prof&ds &inQe pdorARALY Shy 1idRdscdasReSeRAe & edA&RKer, provided that the
nmedi cal i nages[ 0060] In operation, a user directs the

re@AD ciphe sdapicsesspy agralmvaldeble pripeta themahsep, adonmipatige sonsolidated

or data gen t by an i I ng _acqui sition device .
PR EPe e o R fPrse Bt %Gl Do e iyelrole o history
mepba rdtfievadi beBge, et r\Ririfg iMeprodkd of QlrabéQasSEA0 FHRRver, as will

anal ysis The user may issue the direction fromthe

by annreqigtedrinaneacipd ipplsyicaaton ! threpinsest k081 reswltsifrgm one modality

r e, I Ser, i C . .
oS P il B PSR A BB ¥
thp B e 38b-pOitef0BOO L frddppliel (GARD sappf M dan Pla@madntroid can be

..106.t o0 anal yze and process i mages contained in the
idepfefisd Wath a‘éﬁﬁﬂs"bé’ﬁé‘rg&ﬁ]ee‘ﬁ’a&%%@tiIEIaFPE%Fn%E?és%ﬁ%n‘?T a volume. The

1ebi8R € ddtrdiil 94 5 Rendrish eMSs Y a%gh@ a4 AlneSloirt Wa@%@ﬁ&ﬁéﬁﬁ? rocess for the
e § sub- Q%

nanely, a patient profi ata retrieval proce

MRJ 2morpholgiey rrmscund Althpugh cokpso@ets camdspandivBlto two modalities are
sub- process 306 The syb-processes are sho as .

SO BT OB PrRNE oL BT dreblilis” aYEh qorCT modality, can be

ad¥eg e ¥5ahbdeYotRranddMde s IRM Qbpd Amilai R Bk off tBE DRFasolfieModality or
are i ndependent of each other These subprocesses can

Mid medefib they arqnetmpown meFigetpubnce rel ative to each
other, provided that the results of the sub-processes
[0962] al IReferaing abFeupry 3.09ach of these fhireratubspregess computiestgbed. Patient

datd P&Hle\i/a? %lltlbqgrocess 302 starts with the risk profile module 214 retrieving risk profile
data of the patient from a database 116 (step 310). The database may be directly accessible
to the CAD application program 106 as shown in Figure 1, or it may be necessary to request
the information from a database maintained externally, such as by a hospital information
system. Next, at step 312, the patient history module retrieve patient history information,
from the database 116 where the patient’s risk profile data is maintained or from some other

externally maintained database. The risk profile information and the patient history
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assessnment (step 308) For exanple, patient data
related to patient risk profile or history may be

wo edoriosssetl before, after, or during the procesBCD{A2006/001910

ul trasound i mages However, as will be appreciated, in

an actual inplenentation of the process 300, results

fromone nodality often can set¥e as i nputs (or at

| east part of the inputs) to another nodality For

wfemptien afef forliardadd thebopobdaes @0Bionenginedtl 4 fppits e at step 308, to

f .MRI . d | esi. r Oj b
e et Gy oS 3o B SR B RefBerent 1 n

entrated area r a vol The .| esian centroid. so
et i i@a ”@%%?%’é‘f - HOCER S04 iarts Mg %B?lﬂlﬁlgélﬂtrﬁound image data, step
POMERE Rtk RBuR REERSdALmal e MhinBR ERACHRINPED '%rca%ingsdevice 102.

5 \i

Al t hough sub-processes cofresponding to two nodal
Alternghegin, the (AP rpplesties peagrresiiidndameglytits imtdgerdata module 202, may
nodalitie such.as CT nodality,. can be .added hese

GEHET hoaliTPrEs Faes ooy e b PR, TS REDebA3Pnesemerally. the
gbthinasd QURdowRadalakt MalcoMRins TR@@Mhfidh intdU@KicAIE nit@fical images. At this
shown in Figure [0062] Referring to Figure 3, each

#eP.t Meyeduah ieages ase e egsacted e hesaapaldtapatinestracted image is

RELREEM LR o3 PLOERD IR ara of the

Lent from abase 116 (step .3 The dat aba
@§4Ee dﬁlttrsgea $1y6d i@eclké)@rgls%qn. o ptngnté)k%.l%BacF%sg]tgi rgﬂguele 204 processes
Pedgiagen hQhiastephtharproteskihgwiciule 204 cdrhpuBY iRE extracts and identifies,
necessary to request the information from a dat abase

PhyisteehiteeHree RIoEp q>gi92}l as el as swgaaghgsg]a[emteristics associated with an

i r i . . . 2, . j t
DEQASTIMERS, AL EBaPEEL indhadd e T OBIGREbE ey may be defned

by oim bbenddet abaseabhdfinslhep®ont suehpata ésions rAtS¥kepB08,i the ultrasound
ata i s maint iggg]or fromsonme other externally )

11 hiCAEAc FIPayRDFeTRResE | dRragiesrtitseta RIWIqpatiptiicatign, lesion type
Id@ﬁtim&ibﬁ,nﬁndq'lét&f Xés@gs‘ﬁ{erﬁ@_t | QFtidHaft ,f ?Jamésdggtrﬁc(?e(f Iaﬁd identified are
consol i dation decision engine 114 ¥or Its use at step
$08¢n tba usenfoutenfamatns ot inddifedtias ses display andsomirblatibe step 320.
descri bed bel ow [ 0063] The ultrasound sub-process 304
F0aS) s Higdre obsladwd imgdethil rths cuinstepsrbgahe @D #ppBeatdhdprogram 106
gge ul trasound hnage data may be obtained fromthe .

B Broressggnorg helegicekicayes Ap pa pisaspy ynagend heaftrasound image can

BRI Gidlen 9BnARALEHE hAGire BRIV difdesisib gﬁlagg%@ar%%&hs The image
202, may request the ultrasound inmage data~fromthe
prioaessingrsteipi 3¢ stazts\vimm 4 3@pGEndealingya regioe ob ntteriesttiROT”), step 402. An

RN AT R0 B ARG B PO ofpsgacchhch lesion. An

RO$ @af el 2@1Réhsfon@MWIRG 4 TR eHAbRal AhaBX ti§ PEdRShell TBYE-dimensional
is forwarded to the processing nodule 204 for inmage

secaded nNYOL bes4yolame of éperzatl), vilise aplimpasbymeme is processed. An ROI
&ngrlg&{tm%ﬁ ih ha%y ps{lggbqg%ﬂlglepo ggrl gxa%(l)p e,par et Smanually identify an
ROI on a displayed image through the user interface 120. The CAD application program
106 can extract an ROI already identified from another source, such as an ROI identified on
a prior exam and now stored in a database. Or, the CAD application program 106 can
perform a morphological analysis of the image to identify an ROI and suggest it to a user.
In one implementation, the user selects and identifies the ROI to the system by first

selecting a segmentation “seed point”, i.e., a starting point in the interested region. The user
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the image At this step, the processing nodul e 204
conputes, I e , extracts and identifies, physical,

w0 ecors®)1s nor phol ogi cal as wel |l as sonogr aphi cPCT/CA2006/001910

characteristics associated with an object of interest

in the separated individual |nages The object of

interest may be defined by thd%oundary of an abnor nal

region such as a lesion At step 318, the ultrasound

nepeyc peleah rthe rgzmentatiien anad pms tyhdse ezehapla,cnengs:t posmhg device and

BB PR Tl gk PO VBTl ESPAL g A0Raten ted by

dedpgingdehet dufdoe dwak efr & ane s&é@l PoiS &Y tHaPl GRIY i ﬁ?ﬁlb(@ ﬁrle'hd the seed
nodification, at_a display and confirmation step 3

PPOW6Ee Frge censrais shesreipndatoarhich the ssgmema@cpsalggrmhheoperates The
[ r 06 ro n
oA 2 RS AC IR B SEARE AR e o o ncos e

eofitersasyeated lesimge can be a 2-di mensi onal image of an
area or a 3-dinensional inmage of a volunme The inmage

[P068¢ eSSONG tht VOB Gd it idilell Sthb IRAD @ ségzrﬁéhteé aﬁfk@g‘}ﬁénﬂﬂloﬂ step 404 to
regi on of |nterest "Rd'ﬁ, step 4

dF]é@anﬁwthen A &ﬁﬁ’a?f)ﬁ}ﬁ susaectphyeseant aifter cam Bﬁﬂols rmgmented a pattern
%gﬁﬁlgn‘;tﬁgﬁtrlgﬁ S(?tg Qﬁ?%?ns ég)hRgtoC[ﬁe sgs%emeg{ltgd ﬁﬂstoolgentffy and extract

oce
nﬁ)r;jluamglsalodatac(@isem ¢l ekt 'RAD " Dugifhg' t‘h@@hﬁ@rrpfecog%on step 406,

i nterest’ %ﬁ qﬁ Wﬁ ed volunme is processed An
stR I ChagsieriFadn s Sl s enstied PR Fbr Tsaplcbisified based
A tht§ehofABIFRANA 0
o schogAUERALBL L€t Tk O BN oo
slacrliplaf» de«tad Cﬂplquhmlgn,amchl)@rmh patter@aclocandiR®l emérfs&ﬁhdynd local micro-
h
AR R B BB Pl e o i
SpAse Earactdhi@tiéARuRP Lk C@éﬂo%g P eﬁ&hﬁm 101@16048%1 morphological

gerforn1a nor phol ogi cal anal ysis of the inmage t

Heaiendipgs arc Rombed sitly gesst thSOtIQgraphJse]haﬂanteuﬂtﬂacs pre-defined by a

t er. selects
SR TEO B ACR PO NSBTPLESLE AN LRI ES e
p’citsﬁeedecmglnnion stép, Eprocedsifig afiddulg 2943|n|ﬂ$y h18o RSy kLIRS ﬁ‘l%lg%dto identify

%IOH The usermay sel ect the segnentation Seed point
ﬁlﬂ&ﬂ e #ich @x slyphedng g ?fgltrést;fafu Avedlnig thesegmensedcR @bprutalyag the image

td 1 hﬁco%%ir@tte é(ﬂné '?1%3&? OF &ghﬁnktﬁ)&wl@?iu%g&cggqn oF R §t(1)0n of pixels

e “cur Sor "aWa)
Slfrr@mdtdgehsB@d ipoidat tcsblattbhmlbnta‘ycspé@ﬁeldcsl fe@suredd ar ound
the seed point The circle constrains the region into

[6QI6i7E h tl‘ﬁl@(tsagﬁmﬂé}ﬁbf dént@de gettabfich Qﬁ@f R(; tﬂ@%ré’c%@fing module 204
rel ea es %1 oi nting device when th
LA EP®Nn S'f‘lb‘/eld:ﬁ‘i“g%d PAIUTAT corsan tSh%leénﬁeﬁtluéeS that are considered

rewsaate&; adl Jl@s%{ooaalicQP@%] &R nih &g
| % cegmenred At o Sle 1n£e][n Itxévﬁg‘ns#)gmgrzaﬂd ma’llgnant lesions.
S@]l@h |oﬁ éz;;s@fe[aheeQJDam dahyle ghapteh erisusjiec b@llir&ﬁargﬁl l-kfsioﬁarboundary and
& fitation. STHeFeam rnets ?nday a?soplg}:luge tqlose unique to a specific detection technology.
For example, for an ultrasonic image, the features may include echo patterns and posterior

acoustic features.

[0068] Next, at a classification step 410, the features and characteristics extracted and
identified during the image process step 316 (sub-steps 402 to 408) are combined and

analyzed. Conveniently, the features or characteristics extracted and identified generally
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recognition operation (step 406) is applied to the
segnmented RO to identify and extract norphol ogi ca
w@bavastees i stics fromthe RO During the patteP@r/CA2006/001910
recognition step 406, structural characteristics in
the RO are identified and anal yzed They are
classified based on their norghol ogical and texture
patterns or features Local norphol ogica
caifradeavitérd pte-desinsdicht afS chavaadrissips. c Praxtiefored deoscafl characteristics and
fbranch Eatt%[n I&Fal dugt e Iensign.and | ocal . :
CAMES IS BENeR Yo valoRet §¥ iRy MeRigabiigTsae ke feing relevant to diagnosing
418 tshas Rint& SDésRripfiehsRPthRE eS¢ AR dhBral fRSVided together with
sonogr aphi ¢ characteristics such as echoing patterns
a fefenifigraf thaser fohtoresgi Quel such aetad tpee-detineadscharagtetisndsi anddexicon is the

Lt set of, sonographi £ _characteristics, . .pre-defined .
B Dol hnr o BT PR R ARE Pl Al ey B GGt ed agains
thd ski St theBIFEADBIIESc&Otd &eighif itewktithl lilgihpad tHRF Boy feature in the set
recogni tion step, processing nodule 204 may al so
may, geyert in Hie lesieiyeeipganalieaedi fy f eat ures such as
clustering and contrast of pixels in the segnmented RO
[0869]analNexbat siep #hhige aseeshmedrqidhatesiopomeompttedn Rodestdrerlgorithms
e s PRE Rl W ot B Bl PGy computed from, for
8RR, theclhBifidatibe abdithesieO6od ofNRxturesalierdifiet @Ad @fassified according
feature extraction (step 408), the processing nodul e )
toBlsR AXS; Igicent g pe paBleMestatiPya jaagnheqlfecden sgmeéwnlslmages is first
pr%@ésg@d. Np 3RGF E&logfxiﬁ% la{ﬁ@?eatun@t xﬁﬁ&ioﬁ%&ﬁl’a‘ﬁ%h? era%ﬂlgﬁ&?m each image
to diagnosing cancer, i e , discrimnating between
inbbaicglecand Faaturgnalettifiesiro nkhssHokanf intlbesecE@dingrteshe scheme and

may i.ngcl ude orjentation, ul ar rgin, |esion
Bt ABR Y h DTS  clibtisn e T roe ey Gpdigsed. based on, for
exaplldl AR HOREUINT AN kR BesQRE G fitnGedBEREIRNand known diagnosis, a
technol ogy For exanple, for an ultrasonic image, the
stitesicalr modetalinking | thd eseb o fepates eextacted darglo st ssatistical likelihood of a
acoustic features [ Q068] Xt at a classification
AGERI 76 P R PBAL urest o ek vty Puf PR et tap be exracted
framdhé giepéll fvhRd cdbtidndetddpliédRGBe RISQEESSanSdn@Rz&d finage to produce an
(sub-steps 402 to 408) are conbi ned and analyzed '
ASCHHVER eﬁtvvlv,bet apprecisaed, that ther copmpartaion et agt gsgessment is not limited to
hdenti fi r iaci i .
R ohlo The s ERF e ISR Rl Dl o gyper vector
mattana ¢ €M) smethed amdniye at weesrardeusgener adll yngitey eHaopaploys a more
by the nedi cal profession as being relevant to
QRS T A8 SR S SubPralsnLyRtemetedc %?V@ﬁéhepfnethod used, an
adsb8send € bMPERJ af BiUaLH&hltie RLRYIABhIRECLAB WAL cRssified.
definition of these features One such set of
defyj char i3St l.exi ' - ~
(RG] Con AFC e SRS TR (B HRMl o M ftes HORPa medical
imaghe rnidf predhidarge a cogpateedasaeamest of kespiddusolesibhéaBid BADSorphology

| exi con to assign tatistical |ikeljhood that an ,
fep@é?su?xérapwdtqﬁ]a (ﬂ@gtsg'leﬁ are also cfescrlbed wltfl t}urther (Petall 1% %/o-pendmg, co-
owned U.S. application Ser. No. 60/686,397, filed on June 2, 2005, which application are

incorporated by reference herein in its entirety.

[0071] Returning to Figure 3, the steps of the MRI sub-process 306 are now described
in detail. As shown in Figure 3, the MRI sub-process 306 starts at a step 322 of obtaining
MRI image data. The MRI image data may be supplied by the MRI medical imaging
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may present in the | esion being anal yzed [0069] Next

at step 412, an assessnent of the |lesion is conputed
wooedswis al gorithns can be devel oped for conpetT/082@6/001910

assessnment The assessnent can be conputed from for

exanple, the classification and the |ikelihood of

features identified and cl assi4lied according to

Bl - RADS | exi con In one inplenentation, a |arge

deolce d02j amayf berediioat fiomgeagei aclive sarvgridéeds ede implementation, the

Patt.ern recognition and featur xtract.i on operations

MR Sy C8G T8 asaihed HoguTie ARF S e kermine Bakbtyedience of MRI

ihﬁg@tdafta.edpr@ﬁﬁ_ﬂeés@s&h& ef RIRd §daHEXRehpReA OMEriatibe dsh&iated with

schenme and | exicon defined by BlI-RADS Inmages in the ‘

swepirieus plonermplties| swhdis a@q@egté% lesipas cdndg extragtedingnipnetics analysis.

bi opsy results Fromthe results of inage processing

[@p@2]knodm gtheaghosi mediaalsimddesis daimedodel a | merkcalgindgeng device by

of. features extracted d a statistical |ikelihood
Gffers it ST B o0 e OBatESALBET I (g (cQRl b peWEen the types
SR 1B A8 pASSRSEARA Im SR URRtye XA d i Rekidd &ttakteenhancement agent
nodel , which can then be applied to the results of an
tarpapateat mapegkectivel p pdigeicamagmapopedine of certtainjtispuepigpes and enhance

appr.eci t t .on. of S i .

SARESCAAEE TRl By SOPAIRL OO (AR BRSEGRARI b ased resons
@adodia itk b sadayoratasio afxdt aop GEED TPN) NG deSdjoR rcoveadmdy used contrast
machi ne (SVM _net hod or be generated using an_ Al i o
Phanssaehagent Ry i naaﬁfgyyemﬂw % agneen gppmaHEReng lgstpn will exhibit

Affe@nleHpBlal @@ﬁt%f—%nﬁﬁ%&ilﬂg@em&ﬂﬁgeqh% tmehétaiﬁleih'ﬁﬁgng of a contrast

an assessnent 1s conputed at this step from

fgeat urlesericgent MRlestanse xparfocmed admegwiragsk finedval QGUCH as every two
Met hods apd syste directed to extr.acti.n rphpl o
PEMr 687 PF GRS RELP R P IeaGE P ST 00 i R & enharcSient agent to

SPEGE EnffbraTaasARAMaRIngSHERRTIGH OWEe b&@ ok @ MRIS@AnPfherefore contain a
nor phol ogy features extracted and classified are al so

toee sequsacke af MRY date hdineddingnasingrteglyu genii taginalyge wreegtrast variation
S _applicat.i e 60/ file ne.. .
FpEeorpfifk e Ramihe iheciaste ALEmd SV GRS fapuces relaing o
hefwien ot RidghssiagtdtkédoldHOAt] exratut g the cbh@ast &adation curve for
the steps. of the MRl sub-process 306 are now descri bed
fupthgredndisisas shown in Figure 3, the MR sub-process

306 starts at a step 322 of obtaining MR inmage data , ‘
[PAE3IVRI Figvag 8 iduttmtaresghaseaticalby Pnespchyiinahecanracenely diree images in

LR ISR RO FUEE LSRG ol i b

hsrageldafimat aitloxc qod fladtrates mubreicphteashistarsimeads , SOOI iish@ws a lesion
a tinme sequence of MRl image data From these series of
Iraged PHAS Lo @é&ﬁ&%ﬁt CTATSFRBEG oheA§HBR PBAEV DI structures but not any

FaP b&l ey ﬁu@@%gﬁakhé Ee%%%c(le t%\%‘fﬁ(!b\@%()@ URREEH RHntr£8 eMMSiced image S508.

can be extracted In a cs anal YSI' S
The image, because of enhanced contrast, shows in greater detail the imaged lesion. It also

shows the actual extent of the lesion, thanks to an enhanced contrast between the tissues of
the lesion and its surrounding normal tissues. The third window 510 illustrates
schematically a time delayed image 512. The lesion, due to the residual contrast
enhancement effect, is still more visible than that in the pre-contrast scan image 504;

however it is less visible and shows less detail than that in the contrast enhanced image 508.
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[0072] In general, a nedical inmage is fornmed by a
nmedi cal i magi ng device by differentiating between
W@ p@aiofiees t ypes of tissues |Increasing the contP@ECA2006/001910
bet ween the types of tissues tends to provide better
I mage qual ity Adm nistering contrast enhancenent agent
to a patient may sel ectively atd ect i magi ng properties
of certain tissue types and enhance contrast between
[0674tal  aigd dlustoated insBigers airsch wirsloaf thosvig®atpatsast vdriation curve 514.

'Ege?%(?%/%s?fvlsa%gﬁ%r%glg‘}ﬁel gg n 2? flc%g%eggﬂct&\%ﬁétr atg ggrgtra(.;te vgriétion In time
fphanean®nhe agMMistb@ig MR coMReagditPITIR! dutve SedeBiliydhows an initial
or a malignant lesion will exhibrt different tenpora

nesayeaeft the rreatest ,f@llqyéefdaby ardeslimss gag@rﬁontr@sttqq]éancement as seen in the
0 St edgln . cont.r as t Aseries of MR
@@ghgéﬁﬁgﬁéﬁgﬁgglgyn$ggu é%qﬁgﬁg intervals, such as
y t i nut can be rf.ormed on atient after . .
A7, §Fe B i & BenralRBE R Dot ebRlesiBy Bemel kinedcs of
M&ﬁ?é d&@Rhd asparablan ehe ehaPRARMHSS of e c8RFdseFardftioNRurve, can be
scans therefore contain a time sequence of MRl data
anesetil aghwsdipgposernanepie Relevant kipefiop Aeatares gamaralbt are those global or
il ation rye u d f 11nme _sequence. of
R Byt Ce AR B o A b BT AT B Rige imporam
duscrifitagfos bny astaistial agyelr ©@nexidhddh@ids femmetine€mply the shape of a
contrast, variation curve faor further anahysisshgo73]
Fngaeagaien GEYe ateSSRighemiler tathayshone @ ftgureiSmgay be presented to a
Auen s 06
oS Chaadh e ploPEF 06 Thad 452 e Rk 33 ARGLPLve 514 and
prypide ahlagseasrhént lod thesmthgth @bjeict, shmalyntiowug@2ted lesion, to assist the user
illystrates a.pre-contrast scan inmage 504 It shows a
Nk 4 HagR%ri or to the contrast enhancement The

| esion shows visible structures but not any detail nor
1006k r u&igie hshawe the spdahpaltisiPusD aha neiRs ba expertechof a contrast

SHRADE 8k MBg Com Pt ol Re %?Fﬂtﬂﬁ %ORIi st§ %F Qﬁ[f' gg&ke s?%ment 602, a

contrast, shows I n greater det e 1 maged Ion
tadrsoiogipons 60U carglct tiraé dexy@intortdn 60 Adintageotishgnkscdndrast variation
an enhanced_contrast between the tissues of th? | esi

n
ey PREVIS it FERaOng nr%’inﬂ]ézfe t P%‘%‘Elé(_sSh?Wé oy fhe L aﬁ’d’@v?n%ancemem of
ér)rl;]galktl | NSHor bR dS@R B dvEadhk YaR df ifEresl@! @X§Qe&£§%§ r?tﬂ)grcentage of

esion, due to the residual contrast enhance
eftregitenhanserient. | Thpireads/fogietice théreariatihafrommpatizet to patient.
pre-contrast scan i mage 504, however it is |ess
[0Z7Ibl e Thadnishbewhahegsend ef aphtrashanutdiaby ite ddherast enhancement agent

copt r ast enhaqced L mage 3?8 0074] Also illustrated in
BRI a1 WA R4 RSB AT FRITE S BRt PSR URARS 3aeMsAL 602. The steeper

BHMR it hOR BFALthaShhAhEhatt 9N TR KRiaP It rite & géhre}’a?ly associated
showi ng the contrast variation in time subsequent to

vk thedntich s devehgf ofnteascagent wehinagentlatTireasseniated with a lesion.  After
$& l?rlel{igll rlagidslplgr\é\g’seao clopl%rgslt,atlhe rate of increase slows down and generally exhibits
one of three different types of behaviors, depending on the type of the lesion. The transition
point 604 on the contrast variation curve marks this slow-down. The first type is a slower
but continued increase of contrast enhancement. The continuous enhancement 608 is
generally considered indicative of a benign lesion. The second type is persistent

enhancement, or a plateau 610. The contrast, after an initial rapid increase, abruptly stops

increasing and maintains a roughly constant elevation of contrast in the intermediate and
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i ncrease of the contrast foll owed by a decline of the
contrast enhancenent as seen in the MR imges 504,
woo@;7/05625 i n the time sequence [0075] It is bebPCBCaLhi6/001910
that in general the tine variation characteristics,
nanmely kinetics of MR image data and in particul ar,
the characteristics of the coAirast variation curve,
can be an useful aid in diagnosing cancer Rel evant
latel prst-cargrasepdrionde s Agendrigpd i aaview tdedse diloetral a eash-oatadegment 612.
criteria that n be derived fromcontrast_variation L
T risialpetopE thepeseondist ek ARIEFMBRior The atgrt, Ber an initial
raBidSin@tdadd 1abAlptIFodSls FBRaSHE Rndistelsl &R1ihiBRLNRe iftermediate and late
sinply the shape of a contrast variation curve A
paii-spiteast pemedsapraducingathe shasirout seGnenir@25 hy poesence of either the

res ed.to a user The . licati.on program 106 . )
piplss® R0 v PR hes it Sh i EReu il BB Sifumor angiogenesis
arfdr axbder fAMRSISESS BN g@lerdllfeheligv@PthaORl @EdwihAIBhMtadthf: potential
suspected | esion, to assist the user in nmaking a

ofgiuggroginsdq dosly Imkgdite the stiemef shuowsties angioranass odmelyzing the
cc;nlgﬁ%t &a@{ﬁtigﬁ cﬁ%@%cl%erq%)pthe?efg%néﬂ'o@i?i% a%alddﬂ}&ngpin? A tc'e‘ discriminate
contrast variation curve generally consists of an
batptakieens@garelinhalgant lasibnsansi ti on point 604, and a tine
del ayed portion 606 Advantageously, the contrast
[00a8) at iThe MR ¢6b-pheess 306 Fiiguites ftd SwHOFdIBhdsZAEhr step 322 at which
.nanelﬁﬁ;homs onuy t he rel ati ve enhancenent of contrast .
individgiahampge date (pf R Hsds ageexiracted of Onnbrasgfs és giamiter to processing
r r; . 0 [ ng -Thi . .
R RRE! S R 00 o SO Ao BT AS MEGTRE 1F gpection with
FigOf74 whittehdsnh¢ staps efiffracssng ihagf (seprdenpahaliyridg agdladyssing lesion
t he_contrast. enhancepent agent is shown as _an initial .
<Sre£p??o63i Mdr piivaaldy dsphwyingstesulhy tog2 disele P fnEikBatisgAich fodification
2328TheTIREERRBE atd BerfeliNCinet AR Gaf BRLALLL ion wi
@g%hangenent issTﬁiSO?nit¥§leincfeasea{s genergﬁﬁymeaunlwuhthe
ultrs soeid atlegrovessB04dhmad i meabedeskrbel indhirtbonietaistereagent
W thin vascul ature associated with a lesion After the
[00omD) | alHovegver it Ml eeseoted tieonis BRI, ddtd énafyadodtadh a time sequence of
iﬂcrease sl ows down and generally exhibits one of
mpRipke SEANS dice ftePt §fpBLOCETINBe HBRACOISECP déPleft rRyoBIPTRRethe temporal

infHRRBH i BendrFiRI1O8 cal ABall i8N FH U IR a RO L \c,v_cgggive\:gg_?&%@()mrast scan and

contrast variation curve nmarks this sl o
a f pasgtontiase scen.a SubiwmtinpuvoxEbnriluesedn i ther pas@nofist scan from the
contr ast enQﬁnc nment {he conti nuous enhancenent 608 is
s14 i

8 ,
CYETRYHIS Ve e PRdIRETVES 0] TR GhePBsES Fraions in the

scABRNColLidREthS aREEHaBEQANT € NRBRAES RN mayP CoRePbRd §8Wtructures in a
610 The contrast, after an initial ragld i ncr ease,
op&

suapiciaps llgsiat. ops willceeampireripteth dnathematada atigugithgr than subtraction
st exatd on of. coptrast i.n,the internedi ate .

ST SR BF bEhal Pl i BoTE B efpupe opied o

(cileetwérn, $hiowical operdasiy) Qutersle giBRin® kiltiple post-contrast, scans where

appropriate, in order to assist the morphological analysis.

[0080] The other branch of the MRI sub-process 306 includes the steps of extracting
and processing kinetics data (step 330), classifying lesion and computing an assessment
based on kinetics features extracted (step 332), and optionally displaying results to a user
for confirmation and modification (step 334). These steps are described in great detail

below in reference to Figures S to 8.
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The transition point 604 corresponds to a peak

enhancenent. The contrast, after an initial rapid
WO p@resse; abruptly stops increasing and startBCT/CA2006/001910

declining in the internmediate and | ate post-contrast

peri ods, producing the wash-out segnent 612 The

presence of either the platea%4610 or the wash- out

segnent 612 is believed to be indicative of tunor
[0a8ii ogdfRkinmganidtavgesculipcopespmedbid 4 thyed-diniegsigeaigegibh pr volume,

bel i eved that the growth.,and netastatic potential af .
repHENE! DD ot Wbr 19y RSN 1 Ho-wielip ety orfaice. The 3-
D SIS REHrBGn A IO SRR SscAM @hiY B NBotdIgedCANE fidghry volume in a 3-D

variation curve 514 may therefore provide an .
pradessingonahitarnativelyt such 8 Tilkranisionplascan renvieprgopigeginto a stack of

and nplignant |esiaops Q78] . Th | ;sub-pLro s. 306 _ .
PIETY o PRktas  1ieb CEhGPasrarubes fi NepS RabhP SR Reries of 2.0
probétkai dual i mage data of MR scans are extracted One

branch is simlar to processing norphol ogi cal features

(0082 Ndiryhdeal isUl hsReENshdWBY S demildBS kideBed biafch of the MRI sub-
connection with Figure 4, which has the steps of

prprass 896 iferoconptagpeing Steeptra Ariatpmaluyyve. nbheasn slepsesEsperyg to steps 322

| esj0 st.ep..326 d 1.qna| j Spl avi.ng . -
ong RGP b G R Bl ol ahEPren 704 IS P AURE Yl cther e
médieslCinfe@RSdai& PENGF &lohy at Bagas®hAs dehat 136sCliiadgedata acquired
in connection with the ultrasound sub-process 304 and
from 4 scaptat péirgdridial Wag prprita thhedmigistaing Hepptrpsyerbgncement agent,
V. ' | e noted that, as MRl data may
m@oﬁ@alﬁaggé#ﬁ%Jﬁgﬁuence of nmultiple scans, the step of
essj i_mage, (ste 24 n_ i nor t
BBREor o arERARDt Bl At bR BLER ThGiHlite pRtsub-process

30d bugbfphofgidal Snal N6f therultdaspiied SbRprodss 39daan dde-ased here. The
post-contrast scan Subtracting voxel values in the

sqpce legiont i astfiedcdiiingr B meraheloricals paheimepry b atleqfed fissthe kinetics
C r . redi
o NGB E AP EARe PR ARSI B BB s oo
idehiafiedrfy thoMPdssoam chint ROB tarubd ideasfieéd mansallyphyca 0ss or from the time
|l esion As will be appreciated t hemati cal operatigns.
SCHHERAE: B FRTE e _flﬁﬂ&ﬁe%%%f Wl sereen | ProREeed ip idenify voxels
thaf %F\?é gﬂ{rkéﬁﬁH&?&@é ifaligfl strefifalvePRRY &hleOBSurb®Y MR time delayed

applie o (or between, if |ogical operations) _
bemver dk.g.,i fattadiongvasidut] pirebpestlyedney astl, ¥oxahs shdveing enhanced
appropri.ate.. i.n order to._.assist t nor phal ogi.cal ... :
cGiry Qe PObRbTE TREEIEH el By Rek Bhat RS U TRelY within a centroid
cSHRPBEARE SS 2 3or. NEh KIBSedd&itt @RS Wxe®Xhhp6k isBigcteddutomatically.
TErocessmg kinetics data (step 330?, cl assifying

eslusieringdfl swhyarelngambe anbsd telselatrarisdeson kpmepthsr, or to group
d1f Ie?et: rstergctleléﬁ E%%{eﬁg b{egotngﬂlégcgr%ﬁe sa%edleglgﬁ 'tc%ltmelr.y An ROI can be defined

splayrng res

that enclose all voxels potentially belonging to a lesion.

[0084] Next, at step 708, morphological operations, including segmentation and pattern
recognition, are applied to the ROI to delineate a centroid containing the lesion and to
identify structures in the lesion. Again, results produced by the morphological branch of the
MRI sub-process can be re-used here. Further, as will be described below, if the ROI is
identified from an analysis of time-dependent contrast enhancement, the clustering of

voxels may already provide a good segmentation. Next, at step 710, the contrast between
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for confirmati on and nodification (step 334) These
steps are described in great detail below in reference

WO e00Fiossn®es 5 to 8[0081] MRl i nmage data gener abCT/CA2006/001910

corresponds to a three-di nensional region or volune,
represented by data points (or "voxel s") arranged in a
3-dinensional grid or lattice 2%he 3- D vol une

represented by the MRl scan can be processed as a
thmiideraiﬁedvmdmphelo'gmalafe&u&spnmds shenggnll seenpalt bf/é]leyesicsumtative to the
a 3-dinensi be organi zed into a stac

S SPiae s £V alaRC I8 QR gRRRe o g dede L WS of all vorels
withis€ 8n R¥enGlib® ertbid@iSRIMMBE &f prévide hsBSaRSo1108&trast value of the
Figure 7 is a flowhart showing in detail the kinetics
S%&paw@ﬁ lesfont hélomavers QEsF BieEs of @@eesmwgc@mgwlmhamgmant can be used.

nt.r curve These .stens corres
P BRSO ORGRE TS R ERG L SRR BRI G steneth can be
t}$et epm 782 yorkess U(ﬁtafﬁdt alohg Vi b@aﬁ@rfl refm eédidier When another diagnostic
medi cal i mag deV|ce 102 or from an i mage archive
meshadetogy3g m %@3@ implemented;ivioxels cpaspandisg o 4pme ofher structures may

bk Rlufnihfd. thn herp&/br(?lrs e L2V She! z{])g({%anover VO)EGl% 1enpany spectfic

contrast - enhancenent agent, are first extracted
sutip4) 1h 0@63@51¢de®aphmgeg>uﬁi iagnesi¢l tretHodolwgy he model implemented or

norph branch. of the MRl sub-process 306 or
8Ibéﬂg$ec§1“Da?P£F%tf°§ RBPeefe ul trasound sub- process
304 can he re-used here The sane |lesion_ identified

Qﬂﬁsﬂ ng DRE AvPptidY dect &f ths &rsf sire-cenfashdmags scevalpatasy the process
Dl Welh! &%ra@ti@ M8 MRS aﬁtggf Sﬁexk gﬂ%qn thes IEQ 's&ﬁleﬁ@é Namely, the

ana ysi s has n perforne een
prabesd fefuredtd e inhge MRfacsomstepastefR@D4.c Snbdequérdenthief inesge extraction

mnﬁgl l@’\é ? ﬁ%%{ Vﬁﬁe{rg géﬁfg{?ag&g&g [@}fgtr{)gétzq@grgg%%ﬁb oll‘:irst the same lesion
aREQRAasRHddas rdafdi Heve W?I%lvﬁetahs@elmh@}’)@lnm ke AREFBARR. An ROI

of Signal strength over the tine course The tine

ed@baygdlds@ hamlsamay é>ege usq:d &t welll Epllowispdhe Meotfication of ROI at step
Voxel ntrast a

ORI el ke b B S iee] S BRAT GO BN RSl containing

thé leKibR a8l s@B M8 OINEXE Qhé ESRARHb&AY bR (EESH @ AP sidunding tissues in

encl osi ng these voxel s may be sel ected automatically

thip e | ngsieiiag wan suetnpreskitssteranl be Thesglsjeps dre epeated for all MRI

s&%gllﬁ‘ttﬁe HF:% % g&én(a? BL]O%% m&%gls u? Lhe fnd rs&#xgmgé Mv%r b processed

ructura € Sane i éesion
(fteg G der AAa fﬁi@l ste@ /71 ecdmfalstn\eﬂhds hdtthe hslons@ngutedviugl the series of
: otentlall ongi ng to a | esion E0084 Next, at step
‘%@%‘35 aﬁ%?‘ﬁf ‘6 "éé’éimsb B RbFRATAS YRR G COHRERREETQRCUrve 514 is
g Raytern recognition, are applied to the RO to
delineate a centroid containing the lesion and to

[0086] Returning to Figure 3, once a contrast variation curve is constructed, a
quantitative analysis of the contrast variation curve 514 is performed to extract temporal,
1.e., kinetics features from the time sequence of images to provide a classification of the
lesion (step 332). A quantitative analysis of the contrast variation curve 514 generally
includes an analysis and classification of the shape of the kinetics curve, namely whether
the time delayed portion 606 is a continuous enhancement 608, a plateau 610, or a wash-out
segment 612, the level of enhancement at the transition point 604, the time to reach the
transition point 604, i.e., the slope or the initial rate of increase of the uptake segment 602,

and the rate of decline in the post-contrast period, i.e., the presence or absence of a wash-out
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identify structures in the lesion Again, results
produced by the norphol ogi cal branch of the M

WG a7 psweess can be re-used here Further, as wdT/Ch2006/001910

described below, if the RO is identified from an

anal ysi s of time-dependent contrast enhancenent, the
clustering of voxels may al redfy provide a good

segnentati on Next, at step 710, the contrast

sénene &AL laed itdeatt of dedinrorTjikoindgiywag [dseatands classified pased on these
ktg{}ﬁpgl n-alﬁﬁsg[rttl ?n :ih ggméﬁﬁg{p:féugggé ellf %L%;\?glg e}s(s)igaclch a score of 0 if a
bRl BB ALt QRent 4 @RA| a SlotEHOL [t Nhtedl Is ¥AXBhS 2 WSR2 if 2 wash-
an identified centroid is sunmed to provide an ‘ _
ogk sdgment isofeen,hwhere Mt indisatey al heaigof lesipe asdigpedicatds kasdlignant lesion.

wever. .ot her s..of represent,n ont rast .
N B AR 8 RIS A B RReAE by pkipg piggaccount of
otHek Gead@reQth MR NIERCATBA liptak® bdimenk AR bed vRAIbNthe@Arve, or the
be the sum of voxel s |ocated al ong the boundary of a

rate of declnpe Sugh d sorbstigptad selamecanstaly dedydpyestabliphsdalsings statistical
ng{tﬁglu g{ﬁﬁ% g&' %Y 8%@%}i§ec9&"rﬁ€r%9 QB eRgork %itg %ﬂ?atsﬁﬁrthei%atges.

y be sunmed I'n other words, the contrast
R PSRy ST iR B BB S g e s
praudsdes hfﬁﬂoﬁmﬁ”ﬂécﬁﬁb 1B corypAaLti@tddesidn gtz 13Bt aRinkkAtonsolidated

program OOS%} After a contrast |evel of the first
apeaseesht (5i€Bt 318ngdhe corsalidatiedecisive gginced 4 comelatrsethe features

ic?‘in‘i'ﬁe(? xhd @Q&é&%af’ol? ?hévlg's'oqaff(ﬂn QJI I{\g(?dhﬂgg(t R%flﬁtg i‘h&n Fanqnodalities are
I me sequence Nanely, the process returns to the i nage
abwptovabinedrnogreynde scempolifdtebekiarauefithe extéref thvplgson, to classify the
extraction stg? t he stﬁgs 706.10 710 are repggiﬁd for _
lgstRe andrterstasg e teainpy IADRET: EQ ORI desh Stage ssesmant igh fesion according

t&h pRAGMiN-AAkIrsi 8Ferh$ re-used here to provide a
starting point in RO identification An RO encl osing

LS. . | F i
BT, S SRS B S P S 08 Aot At

tificat
Fapee dtshows a divevchat fnoplementing twdanodddliyiegmdmebl 4 wieasingd modality and

C oi d containing the |lesion at step 708 Next, the
6 R} 5@33‘6% HBERTOREI oS SRR R AEIET PO-BIRCFIEh dPhGE easily added to the

{15 P fcaBn (o srali 08! RASbr |
BSR4 b 8L Bl I Ao FCCIEMARL o o b

r¢placed eortsuhstituted yaticethemmiotialaies avRyells clorsexiamptenen Figuee 3A, there is

equence, have been.pro ed (step 71 t a,f.inal )
S8 5 e R AREP DT IR Srol e & SR SonfE s Gigore 34, an
MR$ s_ﬁl@-[rpk&%ssolh(l fEPRESs the MRDEIRpIoced 388aivhsé tHehBtrasound sub-process
initial contrast value and a contrast variation curve

384 4s subsiepialty e tsere podesyibrbinuiefireryetip FriugeBand thasefoee will not be
ﬁ%ﬂggﬁg%gigdgg%ﬁation curve is constructed, a
a

quant | I've anal ysis of the contrast variation curve

[(?&SLb]i S ﬁeefreﬁr?nrg odFltggreey\,r ﬁl%t I\/l]_;l{eswgu%r-grlo’cess 340 starts with obtaining MRS
data, step 342. As will be appreciated, the MRS data may be obtained directly from an
MRS device 102, for example, a procedure performed based on results from other

modalities. Alternatively, the MRS data may be retrieved from an image archive server
136.

[0090] In general, the MRS data corresponds to a number of MRS measurements. Each

MRS measurement may be a single spectrum, corresponding to spectroscopic data obtained
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i e, kinetics features fromthe tinme sequence of

i mges to provide a classification of the lesion (step
w@3Ry/o%eguiant i tati ve anal ysis of the contrast PREr/iCcarioeno1910

curve 514 generally includes an anal ysis and

classification of the shape of the kinetics curve,

nanel y whether the time del ayed portion 606 is a

conti nuous enhancenent 608, a plateau 610, or a

fuwes h-heoni casse gmean singlk2 votdie rrdaeeMPch nexakanoene ntayablsé h@rrespond to

spifctndh Hom et BmblsFTe kSl rtahats ot Bhged Fom 20CS1 or

3DTNIEAaMsOIn & DAt GREDESORRM, HBR maBdtekbs: é&?é%p&{ds to spectra of
decline in the post-contrast period, | e, th
chemiselscieomrmalbiplenaxelst eashvifsihioh reghee for @ila’}_’nm@dl cmd to 1.5 cm’ in

h
ol P iSRS R flr%m@ﬂ“ﬁié P o4 fop fgther analysis
Ienentaglon alesionis assi gned score of

l o BbAS AL SteBn i dusER IS : giratign (ofo s giprker jghemicals is

iderPifidll 8RH donph&&in ﬁ@ﬂec@rcﬁ&gf@aﬁeﬂy% Bli4 2 pRSRaRYEe, the spectrum of
segrrent is seen, wher e |l cates a benl agn | esi on anop

cﬁohrrﬁjmmt@slsalawdlqrgdamﬁeldefsmmrthwtap@:tmcmpucsﬂateatﬁnt peaks of choline
r%ét%rlgtkcc;? %c'l;l?e%{m g%ﬁe”?d%}n %Cb ?Ié% mrg%a%rg&a §§8 d[h%ry g?rbvr%tegfto an absolute

rﬁdﬁ@ummfakﬁhcaﬁ@lﬁiﬁﬂtof dhbEnd @akhevadxee ofas trélgti €l EtY@gtObr concentration
the rate of decline Such a sophlstlcated schene
rglates 1 pthemefiprienle by WsIMogple dif piechgmicak irdprimeatiopdfom multiple marker

f |
PR LA R S A AR AR OIS e
castridufiomsalrost epch wEghid trsmﬁilnmg eacherofheti@de pHitedd kehcentrations or

subfroces es are forwarde %he consol i dati on

rHALTSTIRSER GRhEsq ba corgput ﬁﬁo & EHREG Ve gREGEpscopic data.
assessment (step 308) The consolldatlon deci si on

129l ne M4h%élne¥teﬁtﬁpe et Freulte of the $Pe@seapiG agalysig 346, namely the

ﬁéern ftfdﬂ of Sélla ve es@r%}l%nof ﬁﬁme‘? | ne‘%ﬂ E&ﬂr@s Vﬁgﬁé’lts each voxel or

ron1a SO CO
vorels,aire daplaglede sThemgtwdtsafan bl ehs@ktyed]huméntdm fbesachﬁmeatsmement The
rclggsnfygfshe Ie ion and to stage.the | esion, nane

gt by Tofledle &8 issreoRAen RO éQPtSHrSaE‘téPEWnﬁlOF% Visibly  the
BB RioAedf c@ﬁ&nﬁﬁﬁ"&i GIgstlse‘ﬁ?fﬁ"@ hR&& e figcal6F a{e'nﬁ%qf az;\dvantageously,

earlier, the CAD application program 106 1s np
thag ﬂlh@lbghOIFloﬁ LheeC(IBlC@ﬁmmn ar fstrevgthalsb dambk enevdriedgo tawilse color map

dalities .ul trasound nodality and an M
aﬁg elrtufllpogefjr? ?r%ggl T¥P%s, nanel y ot her

processes, can be ea d o the CAD
@@Sﬁh ca F%ﬁ%F&@P%ai?S’e f&#@}yg&rfg S&é FeP-BIacPEsOng dgperibed here as
lddi BRlef@ReR 8 he Jl@&goﬁﬁ@dsug r};p§ééps§t3’0ﬁu anntageously the

Mﬁth other nodalities as wel For exa
L@P@SOtllhéi?Ué) -precesh éﬁ:ﬁ cambafitse Ipnlﬁ@ﬂmﬁé eRbdts et a h’rwphologlcal analysis,

 BETaE edeBlst ubrates Pra iy B a5 uede Sugxets or the cntroid
thi likelyt epredehisas aebish. S Uk RAGGIESKS enclosing the volume or centroid can be
generated. Subsequently, only MRS data corresponding to the voxels contained within the
envelope needs to be analyzed. As another example, it may often be the case that an
analysis of image data from one modality, such as ultrasonic or MRI, identifies one or more
regions suspicious of cancer, for example, based on an initial assessment from data from

these modalities alone. The results, however, may not be conclusive. Instead of performing
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304 is substantially the sane as described in
reference to Figure 3 and therefore will not be

wo movlosge1tlescri bed here [0089] Referring to FiPOT/€A3M6/001910

the MRS sub-process 340 starts with obtaining MRS
data, step 342 As will be appreciated, the MRS data
may be obtained directly from8n MRS device 102, for
exanpl e, a procedure perforned based on results from
an MRS prmlédlluietfbesn édltﬁreramamamyeﬂegi,ontdrehw&ﬁnd adggormasyinbgher modalities,
r§h£$eved from ngggﬁarchlve erv& 136 [0090] In |
% Rroceyrg nigy ed%fir f¥sHBNER sPalle TeRper refonsranclosing only
tﬁmﬁﬁsgw@aﬂvés;son@ala@mm B SRBRALItIERY RS &ndl A8!iBiprove efficiency.
spectrum corresponding to spectroscopic data
Litzvasen e gfelommarygriwdtafremiMRE os MRS} enalysxemaihkso lpRSide a starting point
cor.respond to.spectroscopi c data
hBr A R ALY ?fﬁ* SR £ Rckfighcn he”dat a
ned fro l. 3DCSI exa In a 2DCS
lf&?’éﬁl Gt iah e e aluy sy eePoHER 2% %‘e§‘p5§‘(‘:‘f‘r1£°é‘P“ take advantage of
ré‘stiﬁﬁnﬁ%‘% oné rn‘RfHamj/I 51‘100 'u% W?els@ts §@9ﬁ)u95f toMM R MBY Ry to improve
for exanpl e, cmin volume A nmeasurenent
effgl@ﬂyr ass dlk fsmnlqshm wsrzdm ganabe §e@plremltfm¢ nfadatiies; results of
[.00 the.next ste stre

th
ORI P P LD Bhe IhERy0L P ST R Bty in amother

nﬂﬂdmcyo rrpLgtueed 3BnilRsspesin dpoRplt fafdldSilterddde [bcess 350 that uses
exa the spectrum of choline be isol ated or

r¢sgbin rpm | aeorhe ipgtqabanabhesey %Sd@@amcnarﬂ%il*& kretic gaglkgs. of

choline characteristic frequencies are identified and

[0A98S ur edis anld be hemembmﬁ:ér tned masplaiogier ginalyeisbess an RQf is identified
$}centrat|o of chaol

ROt ReUbleR R PRt Pope o G b BR iR dfty separaces

tirlort ﬁ@mvrw{rﬁial tifsubl q(iihﬁm(ﬁﬁbndl(ﬁlfaq)rsﬁgiﬁdzrﬁﬂufnr Pridcedd] tHeMdRindary is an
mar ker chemcals is desirable, the spectroscopic data
eRYRIONSETClnstIgEY VYR BE O SRR thes fkely omesnandniq # jumor. As a first step

of ﬁmceﬁsb?gd %‘;}lsc‘ séérﬁ)énteﬁﬂ)(ﬁhregdlt §sh§rs{ 81% h'ﬁ%ﬂot’( %{(ané;%lﬁ, an ultrasound

em Ca el r concentrations or at IVE 'S
neainlealsep 352). Cd)qutjtﬁchnfvlebm tehcﬂbsrmg d&pe&bxele or the centroid is generated

ectrosc ata he next step,
(ﬁtg% % o’*ﬁp VRE® %68@{3 30‘8 ig t ilﬁeﬂny%lP%e 34 neﬁgﬁga}pa{yﬁgd to extract
KERAsenLiadd on or rel ative strengths of mar ker
chem cal s corresponding to each voxel or voxels, are

I i BYR )
550 P 8 UL 000 PR MR RS scans

tineosequdance at ddferann tioeatlouis, T2, shawsimoita twitlsdt klleycribbé in reference to

di strjbution of co cen ra i 0 r strength of marke
Fitg et oA an gt X ?rﬂvg?gowy, § LTt RIS ERFeS. images

s@nntO8: GRREER k! QRhOSs "lsd RN No@T$Angan, BR CRRPASEd €fhis can be
to a false color map
implemented by, for example, first subtracting image taken at TO from image taken at T1.
Voxels having a positive value then represent voxels that have increasing contrast while
voxels having a negative value represent voxels that have decreasing contrast. As an
envelope is already determined from a morphological analysis, only voxels within the
envelope need to be processed to extract the kinetics information. Subsequent images or
scans in the time sequence are similarly processed to extract the kinetics information (step

356). Limiting the processing of kinetics information to those voxels contained inside the

envelope tends to obliterate the needs of identifying voxels corresponding to a tumor in a
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and super-inposed on the MRl image [0093] As will be
appreci ated, although the MRS sub-process 340 is

walemansdsesl here as bei ng perforned i ndependent POf/CAb®6/001910

ul trasound sub-process 304, advantageously, the
ul trasound sub-process 304 can be first perforned
Resul ts from a norphol ogi cal -dfal ysis, in particular,
a segnentation process, can help identify a collection
seyfarareo xwl, Soroexatipée, whﬂemifﬂipgtthme thatkexhipitr mprat sprle and then plateau
| esi on GE envelo e encl o VO|§£F or centroid

OF X e A M ed hsaa%aevqaéﬂﬁ | JPeRRST Rapgssing voxels outside the
e RS PPRE REfididhcl ha waK el §c&1%tya¢frmsl rﬂ\élﬁﬁbﬂaﬂt?%ystem 100 may be
envel ope needs to be anal yzed AS anot her exanpl e

impipved eehreeltt he case that an anal ysis of inmge data

fromone nodality, such as ultrasonic or M,

[Oﬁﬂéht [ fFigsreo!hdes @rﬂqwnhertrshgwmstspssﬁjlbimedé)yofhecmmsdrdation decision

far ed.on an initial._ asses nt from data
e IR Be ChBmLR TR Qo hacH The Ut A a o Aeron agine 114 first
cH¢1aRRe aPQB;‘} 805 N Fedtidt BANIRM tREdif RAAIRYARCIMBR engines. For example,
procedure for an entire anatory region or the sane

th@e@@ﬁ%Oﬁ@eulwm’c aredeterdedd by exh raedalvRscasrscediptasedatythiestep.  Each
og ﬁheI gasnﬁpcaIloq motdlr%'}éqg 6;2 ?g!coltn:téfp [ g&dg%si)lro daen(r%i?lfe?lf)%_&mieﬂt module 222 of
thad dftﬁrsolmﬁah |d€t1§l$)n-|aﬁgﬁlet Hadsoritinédsnipe ey 1tefffont bl Medtalities to classify
Li kew se, prelimnary result from MR or MRS

therlsyigr pisa ﬁasﬁlfsﬂagen &ee\%aetogesetﬂameu AlgsipbiNPE af 8tyRerfistermination step
F agg% BYinsde HHRN z%rb‘?ﬂ?é“ll%}éﬁla ar] i@ '&@(enﬁﬂ%&i&tkg%%e

I'n genera dahty system suc
[@ﬁgi‘enlf;lg)ea% gxg&daagﬁ d@éﬂéﬁgﬂt ﬁ%ge 9511 aﬁé X lgcgr Ihe%stl(hn Step 810), namely,
comgates tay diagnosipr 3vess@tiiti (blyeimgirpéﬁanhg EreSARRIrbMS hlbMmodalities. As a
general ly can be seen in nultiple nodalities, results
C%SOHG%M%W%H a&%#aq%t Sis wpéwﬁewsse% OB EESHsY 4T ynore than one
i G

ng;lgtaﬁ?rr gglg}}ogtﬁ%é;ﬁ:l%gl {h%cahge)ésﬁl ot?‘?n%‘gﬂ&é lfg%%as&y Klr@iGsed process
npydeefdlods0 to kampuses comslildted hssosanaentrofph ekengple afeatures generally
E%E%&%SIS as inputs to %n MRl Kkinetic $nal SIS 9%! .

BImade v SAF L BIOIRHEY Mo piSIeBET & arorarmal umming score
pbintsSébi@RedRPon Al hidaRtiddsi gdor@angotden B SrGABNt A été)gb assessment can

process is performed to identify a boundary that
bbualx%glyeds@p@pdcfe@n bagedrorf thenvahes phthet fied detal mcaae.  Generally, a stage
e} ment ati.on _proc IS _an

sSrourape B BERTRC B PR st P40 Rk §ellin another
nfeigIPRRAs itPeade tHergdnfidenca i theSbscsiméntof process 350,
this segnentation result is first obtained from for
(G0 eForaRamble! ASGHETEhpIRAH:RidnSIHRR0BR?hgNeXing ﬁ‘ﬂeme is used when
envel ope encI05|ng t hese voxels or the centroid
theerssalidaio site@plosmgmﬁ\l I 14vepxmiusescoernap indediednitege msseshment based on

r&IHEHORE AN y31s JPely ﬁﬁl%gg'eyga?d to extract

[00100]
Features Identified Points
Lesion Morphology
Shape round, oval, lobulated 0
irregular _ 1
Margin smooth 0




ki netics features [0096] The steps of obtaining M
data and separating theminto individual scans ma

wo 2ove/0swsagtience at different times TO TI, T2, BCECA2006/001910
simlar to that described in reference to Figure 3 and
therefore will not be described here To extract
ki netic features, inmages scani€d at different tines,
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el ated at thi Each of .the IaSS|f|cat|o

HOIRES S8 10 o hul 98 et BosIO o AT FRAmlf WAl el of biopsies

KIBAY! t8r £B8801F 11th§6 gan %eianféatff&ﬁ nﬂw@ infy¥a B Hﬁeslclaﬁ be constructed

combines the results fromall nodalities to classify

1o melatlegbé preserice of fdatgrss feenan |e@¢h eff thp n8dtple tngoddbties toi apossible stage

SabFRiRe. bR L ouie DRRIRLT SHER EE PR, Fris Sf Ries can e

HELET 18 thtdeQisStkeR BOBofARRSE] ththesieidnge| edahd 41d classification of the
deci sion engine 114 al so scores the lesion (step 810),

leraere pyodug Vittees cgnsgllg@ﬁ)@sc@qcbmgggl&%éﬁtconwte a consolidated staging
ds&%%?&r e?tt iro?ls u}xg %Jth%rﬂtllned‘@gcﬁl térea%sﬁmgnt takes jnto account a
conso |a§ted I'agnost1 ¢ assessnent produce base J

loxger equbl Rlpﬁﬁsothennsxﬁt tdnan torbe mﬁaidbuy Aonf geterat @ule, assessments

| evel in the assessnent |y increased A
c,ompélgqslaggxa Exp{fczgigpendently ob ameﬁ éaata tend to ge more statlstlcally reliable.

Further, assessments computed from results of analyzing image data of a single modality
may be strongly affected by a missing data point, for example, when an important descriptor
contributing to the basis function(s) of the statistical model cannot be computed. With
results from multiple modalities, results from another modality may provide the required
(and missing) information, and therefore increase the confidence in the assessment

computed.
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may be followed to conpute a consolidated assessnent
For exanple, features generally indicating malignhancy

WO oogastsimodal ity may be assigned a score poi nPCBgZA2006/001910
summ ng score points obtained fromall nodalities, a
total score can be obtained A stage assessnent can be
assigned to the | esion based ohl the value of the fina
total score Generally, a stage assessnent based on
[DQHIZJr e$loswerer, iitnw'dh be mpptal:iiateyl tbandliboneld chypbinesg taselss from multiple

n..in anot her in e the

BT BRACE I PR GobE SERAT, tB6T T CE Nl dssqsment. there are
D ¥RV IRAE Fdsaltd §8m thdgndlRid MRSty MGy D6 REAR NS If results from
used when the consolidation decision engine 114
@snpedadisy arecaentb $Ltggo%west0alg@ravs€sé@£qmoﬂcoaa@éld% iy other modalities

r es %tB]S)r[lf r iﬂé f%pgl an?pnlz yl{ MFI IRL ngtlcqaa&}g ysis fmd% a lesion clearly

dﬁhtérbusf Qlie I\/Hﬂgﬁo@ablagsbbhﬂyﬁl@@r fnfcaphatodyt arpilﬁls by other modalities may
nDdalltles simlar to that built for a sin

beogatienaly F&kﬂpr@séaoop pespengdadn untesy|a gsesf SPSFlg‘ﬁéll%ééeWét\?vrﬁ morphology
t l.e o

B, PORLL, BB R4 S AUNEY 498 PP Spparous fodin, an

MRéslemeteacsoﬁneﬂw$ unags teeshipped eachuspéndetie rfibet rgglile provided by the

ties to. a possibl the tu
ERSehdatipg dtecPioRefienn L B HEdtt shpines; BeuProvdsBe dhe particular
Igg,danw 86ci 680 eRBn@RNY UeSEbd O t he results fromall
nodalities, the |lesion type, extent and classification

[‘M)léiﬂe lﬁé'r%lt@ @%&glsgﬂdﬁtu'ag %ﬁlé Qkd gﬁtsérf?&i gegi h§érq@r confirmation

engi to conpute a conso st agi ng assessnent
cmf mbﬁllélChTﬁBi orepA8123uchheauseo mmynlmj sleoor images froms segsofethe modalities

PR GenE: Bstirrb sReD o Medatear "THr StarisSS lehbied by the cap
%npmﬁdprogﬁm 06 endyNBERERREL. | Yoahhivaggisiatavt end & be shown

nor e statlstlcally reliable Further, assessnments
s:mnh@noodslfy torihg vsalap vadf Reralty qungﬁodratgoef hﬁapra -pfpulated in a standard
l.e be st.rongl
fa’g?‘g f% (r)rllnﬁdl?owl t}éex £ rmiats estv\ﬁlessriileég1 Ry S r?rr)lo 1 S 1 rl?%i)g%/[Rl Lexicon

604y dthett dungble @tatnhﬁdb agigurd 9nBbWORLS )sudhf pds@@le display, which shows a
statistical npdel cannot be conputed Wth results from

st imamed Odinsainad; feam arlggiumedality. gricasnst ¥eage A8 dron § s¢pgyd modality,
dozy f ggrt%ﬁ cBﬁtgfﬁ'nggeg ﬁ&ﬁgfi’dz{{é&%'sﬁlg)wﬂpéﬁfagpeh'szﬂure@ggd a consolidated

ere ore I ncreas e confidencé in the assessnen
mmﬂﬁmkaﬁe®bﬁmhm&bmever, it will be appreciated that
al t hough conbining results fromnultiple nodalities

foamo4]t 0 A mpdro¥e &henpl€ld physididry onadadiotigisiemas donfitoh@he results as
assessnent, there are situations where results from
eqiepuserh by dhies CAD applicatiom PragiamdPoner say peqinany pf the automatically

i &S4Ld Snd £O {Hjﬁ@@ 8R! 1A 2 A RatfonSRb Me %H&gﬁ'ﬁ% P(gréayt Be provided for

I 'mprove performance, anal ysis by ot
receiving user inputs. A user may modify or annotate the results displayed through a user

interface. For example, the user may reclassify a lesion, override the classification made by
the CAD application program 106, or the user may modify a staging assessment computed
by the CAD application program 106. The user may also reclassify morphological or
kinetics features extracted by the CAD application program 106. The CAD application
program 106 will then recompute as necessary to produce a modified consolidated decision

and assessment.
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may be optionally skipped For exanple, if an M
ki netics analysis finds a |l esion clearly cancerous,

wo b@7WRle1:or phol ogy anal ysi s or nor phol ogy anab@EiCa2dwg/001910

ot her nodalities may be optionally skipped or

suspended, unl ess a user speC|f|caIIy requests a

nor phol ogy anal ysi s Li kew se:3%f a nor phol ogi cal

anal ysis clearly indicates a cancerous finding, an M
[00168) | Bncartht yssul immyninesikbyphediser, asmppﬂwdedte'@aeerated (step 814).

T%{? Sgrlletrﬂg{g ?%/}Ié)crjf% es?tég%ﬁl;t% gttn geglltelrag?c{) rc?ggl? %’S;is‘fl enrllc%aﬂty, except that
tHeaebulC 14| oD Eéd Hekf6H ShPRssBREHAE ThHe GiRPL ddents are generally by
[00103] The results of the consolidation engine are

dgfﬂels bated bnt the datggepilghde inchafpreqeatedomages. nndith¢rouerdardata available
i RSBl ST P P SRR relFPRE T s L epr nctuces

détbecd aRg elassiinal ¥eal sonegrapbiewridT elthrixyeridfies, GAlthe case may be, and the
appl i cation program 106 naY be annot ated Contrast
cQEPyIgd ABH cerfinmedsasiestgn @ %laow%h ANANPEMESS NG coBnpgags and user

middfcafldng Hgi ?ﬁ{éldfcﬁl f £ hdd ?@@és&g (‘B[l ARy lcn%td?&uded as well.
el RAEE

In a stan report mnng
Fastlgblthes hepbrbyco&tmsd ahed smaagc hﬁrahnﬁ aRAD&smneme >0|f cthe radiologists

e b g gt P iR ecRsVAN AR g Gation form or

fabispi ned froma first nodality, a second inage 904
fron1a second nodality, and a report 906 containing a

¢A0EP! ',fg ﬁg't i ullnEludWﬂJhn@éﬁtfd'hc dCﬁ?OOl 130 ko traceablhty and

conso [ essnent pre- popu ate 04] A user
afidyting pumppkes Idantpinasios iand aedit mieraditioh mgiystlcluchaqumlfapnmxdenuﬁer,

t he u as conputed p] i catjon program .
sSr58 TG ot g S Phe e AL Py g e Bl gepor, patien
iR MR Udfn@d: I @54 {denOicARN A NP D! ﬁm(q[i@tre[ﬁﬁp%ﬁtlﬁer user

may be prOV|ded for receiving user inputs A user

may
agtipd 9r moddisabemoedatemed @gwmsS agpBP Da}yrasd @mwemgmlsa a cryptographic
%efe mg}; ge E V.ld eq‘lf’”h gls to (F %1921SI§I Efr?%%lt ﬁe %l signature can

eSI on, rr| I Ca

bapmﬂmdbat dnd Negoragd &on eh@l@ ardhfveﬂ hiestuse tcnp;y)vme dinbyovad audit capability
staglng assessnent conputed by the CAD application
oAU atHEenialdRod ?H§W§5ﬂﬁ§@P%%%lfy mor phol ogi ca
or kinetics features extracted by the CAD application
(YH8F} arfrefeablThepapDagppichivad i @nl%]éﬁ%ﬁr aasongderywi kptuteh énnotations,

O i cfg%% dpxggggs%ﬁl%a{e\éul{s s&"hodsul%?log t{g(l;lg(i '?F a&q agrﬁ)gls results are

conso CI'sron and assessrrent

afobBagl tasi grtcei IDI@thnﬁ)hentUiﬂer Aaisereor ils€ aivebor example a PDF
gener ted (st The generated report is simla

vErglonpt @@ﬁ@?i@ Vb PAHET AP R Thip fagliagsteasy furure

rdfBRhce. If an instance for that composite rendering already exists in the archive for the

patient, a new instance is created.

[00108] The CAD application program 106 is not limited to analysing image data taken
during a single imaging session, or clinical visit. Often, it is necessary to image a patient
several months apart. This may be necessary as part of regular check-ups, or as part of
follow-up clinical visits after a surgery or treatment of cancer. Images from the same
modality taken during different visits may need to be analyzed and compared with each

other. For example, it may be necessary to determine whether a detected benign lesion has
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the result is a consolidated decision and assessnent.

The report contents are generally by default based on
WO b@7dsdeas avai | abl e in the processed i mages | nPOr/bar006/001910

words, data available in a result simlar to that

shown in Figure 9 are reflected in the report The

report includes detected and" ¢tassified MR,

sonographi ¢ or CT characteristics, as the case nay be,

bes;ndlet melign@n'p uﬁétdrraﬁdelyohfmam’e@ neeses e leterming nghatharka malignant
| ¥ gq%at oni and comment ﬁ user nqdlflcatlons

eéi" é‘ HEdTEAF ?nsé%pé)s a%ﬁ%i”‘f‘ﬁé B SETEYd count erparts

uded as, well Finally, the repart contains the
(8" AT C S a<BBESR RIPCESTEL NS BT e sefte modaliy,
adqgrrsa §f@¥¥lebém liMed® TRITRE pRRERI HbdiBledViblh &Q@s}{oeJnam‘fgure 3. Figure
Bl RADS cIaSS|f|cat|on formor fornms) [00106]
1¢ @lp@ sluowmghrqemlraj&é sutdgrm:esfseg; asinely, apatient data retrieval sub -process 302,

« FELRTRIAGH: SR oGRS TR ond o7l PP RASS RFEBESS 1006, The sub-
prédésyeteareeibotvh dsdemilldl ipedcesseerak &selNUERK, m@cﬁfi@d @fodess&he first and
stanp, nanely the time and date of the study or

sqce%morp@équaﬁlb Hr@%ﬁﬁqufll()@é{ 1096 aieiresentiallytheyame, with one exception.
Al g%nt Ir% bE &lv- f&c@s‘égﬁ? : ’t It Srdra arl:}%fchﬂg!fgé&asrlteﬁgfr&dleved gsteg 1014). At

ler, ser ication o
thfee;&tmasfemb-mnmg 1006, emge Convérhieesrtdnd visit areypetreged (Mdpc1020). The

nodul e prOV|d dj ol ogi o.digital
PRGNS Moo inRe di (arP SPUFlafity EiEa 5w Rkt dud aspegprent (step
1689 QFrdad sfcn% f@ﬁE&h%EJBkd’c%Qsek 'iﬁ@aﬁrl‘l)ﬁﬁ 4 RE Q¥deHBally the same as that
i mproved audit capability and di scour age acci dent al

derodbdd acinorcipin witk th@phrasgur[doafpeﬁr]ocw eX0drasbivell. The sub-processes
archi v dary Capture
1%402{) hSBe ore W‘Ijrﬁ%ﬁﬁ S‘escpbgiq'\{l gaglq]s%? ng results such

esi on_ bo aries d di agnosi,s.resul.ts are
(A a8 "t et 10 o R Srvibian Ay L4 pomputes o
cGHsSRIREY BesedsRlenL YRR BsioRt i Hle ¥RIoR! R 6f tHehs%cérﬁpﬁgft incorporating

locally in a patient's instantiated directory T

featueed dxtratied foas ynétgﬁrtdattaeofi%fsmlelnc ésithe mmngicrigtazare ebtfamed at different

.t hat, co ite rend ady ex ar.ghi ve

i o STRERRaf ST RN BRI E P Bt f BEAGHfePEtages and

wiARe DRI beGRdtLidd tPAgEAnd pteerhsSsdeftin krhides @bqlired durlng the two visits.
anaIyS|ng i mage data taken during a single img

The senwhdatgm dqcisipne gpeing 414, whenesorrglates §1en]é&1@§>s‘éﬂl&/n@e§ to take into
aécgﬁgteotathgq;rﬁee@{ffe%?ﬁé? r qllmg%%ﬁéthcg;gﬁ{ Elev-glUp‘fhegPXf Gﬁ‘: lesm? seen in the

necessary as part of regular or as
nﬁz:gel dave cbfphe ﬁrsm vsalmasi isd m@eaﬁmye rOraceshes gsaayemfther Eabrmmboth sets of

£$cer es fron1gge $ane nodal it taken duri

TGO OTEHID. higmRLLRed SRBe ARy b e e However
itWliiMb@8&derstood that a different model or a different set of rules may be required to
correlate features identified in a lesion imaged at different times. Results for each
individual set of image data can also be presented to a user, such as a radiologist in a side-
by-side comparison. The side-by-side comparison can include results such as lesion type
and extent as well as its classification. Such a comparison may assist a physician to assess

either the development of the lesion or the effect of the treatment.

[00111] Various embodiments of the invention have now been described in detail. Those

skilled in the art will appreciate that numerous modifications, adaptations and variations may



ot her For exanple, it may be necessary to determ ne
whet her a detected benign | esi on hasbecone mal i gnant
wa\kdoepmsts vel y, it nmay be necessary to deter m PET/CA2006/001910
whet her a malignant | esion has becone snaller or
stopped grow ng after treatnment [00109] Figure 10
shows a process for processing”i'mages fromthe sane
nodality, acquired at different times This is a
bpmzde tsthawdibb digwnfsrothouhdapagingdrent e FEQperod tg ifyegtipe  Jipce changes
PR B8 ROl P BLRE ST Il Bepring fom e
rAREDRPIrOGY scupe-ptRcsentibad0the idviltian $LEANH bEVInftedltoGhose details but
sub-process 1006 The subprocesses are shown as
oplrbyl the ppRsrerdedai®s. as wel| In this nodified process,
the first and second norphol ogy sub-processes 1004,
1006 are essentially the sane, with one exception At
the start of sub-process 1004, inage data of the first
visit are retrieved (step 1014) At the start of
sub- process 1006, image data of the second visit are
retrieved (step 1020) The processing of the i mage data
(step 1016) and lesion classification and assessnent
(step 1018) are the sane for both sub-processes 1004,
1006, and are essentially the sane as that descri bed
in connection with the ultrasound sub-process 304 as
wel | The sub-processes 1004, 1006 therefore will not
be described in detail here [00110] In the final step
1008, the consolidation decision engine 114 conputes a
consol i dat ed assessnment of the lesion in the inmage
data of the second visit, incorporating features
extracted frominage data of first visit As the inmage
data are obtained at different tinmes, the sanme |esion,
even if visible in both inage data, tends to be at
different stages and will need to be matched to
i magi ned patterns seen in imges acquired during the
two visits The consolidati on decision engine 114, when
correlates the lesion, will need to take into account
of the time difference Tine projection of devel opnent
of the lesion seen in the inmage data of the first
visit may be necessary Once the features of the |esion
in both sets of image data are correl ated, a
consol i dat ed assessnment can be eval uated as before
However, it will be understood that a different nodel
or a different set of rules nay be required to
correlate features identified in a | esion i mged at
different times Results for each individual set of
i mage data can al so be presented to a user, such as a
radi ol ogi st ma sideby- side conparison The
si de- by-si de conpari son can include results such as
| esion type and extent as well as its classification
Such a conpari son nmay assi st a physician to assess
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either the devel opnent of the lesion or the effect of
the treatnent [00111] Various enbodi nents of the
WO poensieon have now been described in detail ThoOBE€A2006/001910
skilled in the art will appreciate that numnerous
nodi fications, adaptations and variations naybe nade
to the enbodi nents wi thout -départing fromthe scope of
the invention. Since changes in and or additions to
CLAIMS above- descri bed best node nay be nade wit hout
departing fromthe nature, spirit or scope of the
i nvention, the invention is not to be limted to those
details but only by the appended cl ai ms. CLAI M5 WHAT | S
“H{g¥§gy§r 461§ met hod of analyzing a plurality of
ne image data of a region in an anatony and
detectlng abnornalltles in the region, at |east a set

1 BB 4B ebinh lTRor BrgrJa ose dehtedeapn i tbpnatomy and

dete&ibigt a[bﬁh%imﬁﬂfk@ﬁﬁ Qlﬁ@i‘fgglcﬁlg%meastt@%tr@ttﬁé’gl&ﬁ rdf%&ﬂcatl hfiage data
steps of obtaining the plurality of nedica

contgiging, tepperal i nfprmation oespomevelu adiitisteniig wé di cxaitrastrmtgfancement
agenPQﬁ@m@th%g %Hgﬁé%eos%pgt T, " epr esenting a possible

esion 1n extractlng fromthe plurality

of obreuhirpathe phigiy damcifcelaﬁnargesiatassom ated with said
set, of  dat nts, said features including at |east '
t wisle Té%%? 8 thepluityg Brcegmage dtetset elsdatypeiats representing

k| neti C§Fggﬁﬂ@&gﬁ)hll§géﬁ?eg’q§]ét he tenporal information,

and a se bi ochem ca racteristics, conputing an
i néxtiagting fragnmstplltuahtssﬁsmm«aﬂ irnfigesdtal fqaa&ssi Dlsecihted math said set
fron1sa|€(ﬁ Pets of features; and providing
said inf %sﬁ’é tfegtyrey frelyding at dlgast g éﬁtSZOﬁ'H‘e set of

met hod f%r}ﬂioﬁigr@aj- fedtifshar st Ocm)f(ﬂnéﬂl&g chdrfetSisEes o?fthe temporal
recei V|n a rmd|f|Cat|0n to said | east two set

f eat ur esfgrmsgion, I‘?éldljlsﬁ@t of kipcheouend uhatragelastmsdl fied
as fled assessnent bei t ed

F U TR o Bl ARy 3o SO P et RSre AR Bt feast
sal d nogid tetdofasgassmiat to the user for further
eval uation 3 The method of claim1, wherein the
ki Previding sarhinieal apsessment toxs uses farrexaluadort r om a cont r ast
variation curve corresponding to tine-dependent |oca

2. TERMERSKE oM MihPE, f8hdr RofhpRsiS Se &éps%‘?j d
receiving a modification to said at least two sets of features from the user, and
computing a modified assessment, said modified assessment being computed further
incorporating said modification; and

providing said modified assessment to the user for further evaluation.

3. The method of claim 1, wherein the kinetics characteristics are extracted from a contrast
variation curve corresponding to time-dependent local contrast variation in a subset of said

set of data points.

4. The method of claim 3, wherein the kinetics characteristics include a classification of

the contrast variation curve into one of continued enhancement, plateaﬁ and washout types.
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set of data points 4 The nethod of claim 3, wherein
the kinetics characteristics include a classification
wobkoorhsveeoNnt rast variation curve into one of cpot/CAX®E/001910
enhancenent, pl ateau and washout types5 . The net hod
of claim3, wherein the step of extracting the
kinetics characteristics inéPades i dentifying an
envel ope encl osing the possible | esion and wherein the
5. Benmetimd ofaclaimi Hnwbereine thes stept ofacttedtiny thel é:nteltlf:;y icharacteristics

mclusd%L qgentlﬁng Bend%ﬂ)pﬁlenc 5 né 21%&21%%Blga{eégg Ia%ﬁ ﬁ%’?lﬂo@e contrast

VarlaﬁonCdua‘VdTi s3extfaufeld B ide@uipingSiand tittedepbRdn® foc@Pt&itRisN Yardution in
plurality of rules aSSOC|at|ng t he set of

datalﬁ’@’f“ﬁh@ Ksed withinewid grvglopehe set of ki netics
characteristics of the tenporal information, and the
: c L C )
6. . pohoARLRl s CNRHREKSERALE S CRTHE  prtys of i
assoaamshrnemt bﬁnwgpluﬂmg)ckﬂ efdatiraamtisaiset of kinelicd yhaahctenltes of the
; anq. [ ) ets qf features. 7. The net hod
erEpS] (RGP GAROTL 470, P SFIOIRICKH o 31T IGY Bth ROWGIE diagnosis, said

initid?labke8dnhdny afd sd1B Hfdfied SBGSmERt Rir é‘dn‘tﬁﬁecd ﬁ‘@rﬂ'sa Gplﬁrqﬁgreof rules
|

data acquired fromat |east two nDda Ities, s
and sagrhgleast Mo seinef featucesnput ati on further conprising the
steps of: for each nndality of said at |east two

];H%qﬂéth&d BF any’ 81[183811l J:l {18 ﬁnrlntZV W ee(r:elu‘? :glge{] %ILIE?? @ng ﬁledlcal image

atures extracted ron1ne Ical™
data éautidesnoediédl ymago datelaagireg Saincht r‘reeriatwds YnodeBti&si 9418 coputation
sai d co utatjon and re-conputation. 8. The net hod of
and f@r%ﬁ“}ﬂui ]!é‘?rr?ofrﬁé‘SIBgM?ﬁsﬁﬂ characteristics are
ex i & - Of - of ..
oaOf R il B SRS 10h, RO, SBRpMRY, TSGR becision
wher ei nfromefeituos esiriaed fromanatita imsgd dsa ofxaidieheh atodality,

| east % conc ntr t%gn di st.rib| tlon of. a mgrker )
chefifelating FHYRIR SEISOMPHAtiGA SRG 6rCqation.
biochen1ca| characterlstlcs i nclude at |l east relative

8. THerrae@ibsh offcldio1, OWhdrBineth I B e mEHe ¥h&attsri @RS Ard @& r it @M rom a
a spectroscoslc anaIyS|s 11. The method of claiml1,

spectfp]gnalysis ohan abseyofopidietivicdata porage data i ncl udes
at least a set of inage data selected fromthe group

9. ”I%fe K@Y fTBGEn Ckat@heré’iht {hgsﬁg%ﬁﬁ%?%%ga%{e%s?wl%& least a

data, MRS dat a,
anwmnagend@ﬁn@nmmgﬂhahmkmnmsymmhesis i mage data, and
nucl ear i mage data. 12. The nethod of claim1, further

onpr.j si ng .the_st evin atient. rjs rofi
10. 'I%ermethod opclalm 8, wﬁgrem the %mc emical’ characteristics {nc udre) at least relative

strength of two or more marker chemicals obtained from a spectroscopic analysis.

11. The method of claim 1, wherein the plurality of medical image data includes at least a
set of image data selected from the group of X-ray image data, ultrasound image data, MRI
image data, MRS data, CT image data, PET image data, PET/CT image data, digital

tomosynthesis image data, and nuclear image data.

12. The method of claim 1, further comprising the step of retrieving patient risk profile
information, wherein said evaluation process incorporates said patient risk profile

information.



i nformati on, wherein said eval uati on process
i ncorporates said patient risk profile information. 13.
wavayssens f or anal yzing a plurality of medi cal P€Trage006/001910
data of a region in an anatony, at |east a set of the
plurality of medical inage data containing tenpora
i nformati on responsive to-&dm nistering of a contrast
enhancenent agent, the system conprising. an inage
13. Adgttemnfod uhatyfing arpiraligvéigediba ipape dhtatof agbgioRdh @flanatomy, at
least zlbg g)% g}%g)th?rég%d%o quq%l?gag?rggg?gcga?g %;nt;igi&gégtggérla{ ié%ﬂ?%agon responsive

Xt ' I YA j ures
R R A S O R R
maduinege daa chodirleddi rsrievingyithe pltlitaof inregickl mmge liata;

plurality of ical. i e data kinetjcs, . .

e e abeloed meB i for derttiinsar Brestol Geind o Lvsdclimage dat
W th sghd REasiNY £nd S8 in@mDPROIJAGTE TR tGre@ N MRS with said
modul e, said spectroscopic analysis nodul e extracting

from t lpespbladesianty of nedi cal i mage data bi ocheni cal
characteristics relatjng t ne .or..nor ke : .
cHoRPELS SOt Sl sy B PP PE R are Blirgfity of medical
consol iigagd AntadieiaétidsOthabREIREcY OF ehe/ tetposdli fRilatias taesbciated
and cl assified norphol ogi cal features fromsaid

nor pholvogysaibpesble lesipa; ext ract ed ki netics

c Yt : . . .
GRS AR ALagilel, LATRLRl. LILOLRAL MO0 A om
from t hke ppedity afcopdical analey slata hiodidreicalacichravoarstits ngjating to
an initial diagnostic assessnment of said possible
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kinetics characteristics and said biochemical characteristics in the
computation of said assessment; and

a graphical user interface for displaying at least a portion of said plurality of medical
image data along with said initial diagnostic assessment for user evaluation

and modification.

14. The system of claim 13, further comprising:
a morphology decision engine for deriving a morphology assessment from said
extracted and classified morphological features;
a kinetics decision engine for deriving a kinetics assessment from said extracted
kinetics characteristics; and
a spectroscopic analysis decision engine for deriving a spectroscopic assessment

from said biochemical characteristics,



a kinetics decision engine for deriving a kinetics
assessnent fromsaid extracted kinetics
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engi ne for deriving a spectroscopi c assessnment from
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consol i dati on deci sion eng‘i3r$e' correl ates and
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wherein the kinetics analytic nodule is configured to
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d
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sing a patient ris
retrieving patient risk profile information froma '
19. THatspstemsd clamdl Ga viwtdiehe kinstiorapalybduhalulors qoafigureditaglassity

the cgrzlattrells? tairiart]fo%tc?ur'\ye iln{]of grgengtt dontthued enhancement, plateau and washout types

and wherein said kinetics characteristics include said curve type.

20. The system of claim 13, further comprising:
a patient risk profile module for retrieving patient risk profile information from a
data base; and
a patient history module for retrieving patient history information,
wherein said evaluation of said assessment incorporates said patient risk profile information

and said patient history information.
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wherei n said eval uation of said assessnent
i ncorporates said patient risk profile information and
wa@ a00d/0psstts ent history information2l. A et hod BET/CA2006/001910
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pre-sePé@ﬁ%@eg?FFQP%%?%glﬁgleting the steps of:
aegiddtinp ofrdrh @hdVBRiratigi cfamediv@ginagatdatd fearares eapciaddt eith said
region I ncluding said possible | esion; extracting
bi ocheRpPesile lasonact eri stics fromthe MRS nedical inmage
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o St R b RN o B o SAE RS prR ke eatures
bi ochemand¢dal characteristics in said re-conputation;
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f potyaf iifldHRERaIG Bur Al FORD DA 5 sy completing
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r espongtquiring tked MRS stedidahimage date dram astandigatgniesipanincluding
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plurality ofpadification.

22. The method of claim 21, wherein at least part of the plurality of medical image data
contains temporal information responsive to administering of a contrast enhancement agent
to the patient and said features includes at least one of a set of morphological features and a

set of kinetics characteristics of the temporal information.

23. The method of claim 22, further comprising the step of obtaining a plurality of rules
associating the set of morphological features, the set of kinetics characteristics of the
temporal information, and the set of spectral characteristics with possible diagnosis, said
initial assessment and said re-computed assessment being computed from said plurality of

rules.

24. The method of claim 23, further comprising the steps of:
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rules. 24. The nmethod of claim23, further conprising

the steps of:receiving fromthe user a nodification to
w@rooreswts one of said norphol ogi cal features, Beil/GdAS®5/001910

of kinetics charactepsties and said set of spectral

characteristics fromthe user, and re-conputing a

modi fi ed assessnment, said mf#8i-fi ed assessnent bei ng

conmput ed further incorporating said nodification, and

pr oadediimgyfremi thle nwed iafmatifics®ess aeketst tooe b eaid serplidogical features,
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anat ony ¢hd fxgr, 4RI cal image data being acquired froma

plurality of nodalities, the system conprising an_

| megreomiputingraduddifitdrassessroenti weidt medifed | assgssmemgbeing computed

data, a Iurral iot}%o’5 gn [ nmage 1l%octeosnsian nodul es, each

for pro l?lﬁ‘bcf %e AR qlﬁ?lled ¥ om one of said
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a possible lesion in said nedical imge data and

ext r act imMRYifiGadoR| assifying a set of nodality

characteristics associated with said possible |esion,
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and conpiem wge st darfl plugklityli efgmodalitiesasaié soake modyfe sdentifying a

possi bl e | esion.fraom sai | t n d,8e.:
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por ti on sef ofsadddlityechatteristibg solaitad ahngidwossibieadésion;
initial di agnost i.c assessnment for user eval uati on and
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i nf or mat ponsive to adm nistering of a contrast
enhancenedt phgdity oD rhddnlipas | feorh snd sai df seddabfy characteristics
nodal ity char %ct.eri St cs includes at | east one of a

set of associated with the modality;

a consolidation decision engine, said consolidation decision engine combining said
modality assessments and computing an initial diagnostic assessment of said
possible lesion from said modality assessments; and

a graphical user interface for displaying at least a portion of said medical image data
along with said initial diagnostic assessment for user evaluation and

modification.

26. The system of claim 25, wherein at least part of the medical image data contains
temporal information responsive to administering of a contrast enhancement agent to the
patient and said set of modality characteristics includes at least one of a set of

morphological features and a set of kinetics characteristics of the temporal information.

27. The system of claim 25, wherein at least part of the medical image data contains

spectroscopic information obtained from an MRS data acquisition, and said set of modality



nor phol ogi cal features and a set of kinetics
charactepstics of the tenporal information 27 The
waeyaremees cl aim 25, wherein at | east part of P&ECA2006/001910
medi cal i nage data contains spectroscopic informtion
obtained froman MRS data acquisition, and said set of
modal i tycharacteristics i n6ludes at |east biochenica
characteristics of one or nore marker chem cals. 28.
characldi&tisy sihelmi@f a€l lahsh Ridcherhiesleicharaakdstivs oohasiiecat more marker
Characteristics include at | east a concentration
chemigglgt rj buti on of said one or more marker chenicals. 29.
The system of any one of clainms 25 - 28, wherein, in
28. THed&Ren W RGihhe7 PRESLRI &id 834 ABm; AP RhhcleN&idR! HERNE Y least a
of “i mage processing nodul es receives input from at
concehteasn dsisbafonanfohidameiommyee pradosskémgalsodul e of t he
plurality of imge processing nodul es and anot her

nodal i ty. deci sion _engine,of the plugality of nodali
29. TifgaReisl R G LR R a8 oy a6l e St SUREIbon, one
of theSglufhlitnBRimige protedskicemneultO rateied it Ifiesh anledat éne of another
) poi nts correspondi ng to the possible |esjon.
image processing module of the plurality of image processing modules and another

modality decision engine of the plurality of modality decision engines.

30. The system of claim 29, wherein said input is a reference to a set of lesion data points

corresponding to the possible lesion.



