SUPERI MPOSI NG BRAI N ATLAS | MAGES AND BRAI N | MAGES W TH

DELI NEATI ON OF | NFARCT AND PENUMBRA FOR STROKE
WORAGHISISBS FI ELD OF THE | NVENTI ON [ 0001] The pPE&B86G2006/000357

invention relates to presentation, processing and

asPERMPOSING BRAMZES ADIMAGEKAND BFXIN IMAGES WITH

BACKGRQUND OF THE | NVENTI ON [ 0002] Stroke can cause
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save lives and reduce damages suffered by the

patients. Stroke related di agnosis and treat nent

pl anni ng are made at | east in part based on the

nmedi cal inages of the patient, such as conputerized

t onography (CT) or nagnetic resonance (MR) images.

Conventionally, these imges are visually inspected by

a nedi cal personnel for diagnosis and treatnent of

stroke. Typically, nultiple images need to be

i nspected and anal yzed, which include brain inmges

that depicting, respectively, anatony, angiography,

di ffusion, perfusion, and the like. [0003] There are

some drawbacks associated with the conventiona

approaches to i mage- based stroke di agnosis and

treatnment planning. One problemis that human judgnent

cap|B @ DIOERENNS/ENPIONeveral factors such as

perception, experience, fatigue, bias, and background

noi se, and thus can be inconsistent and inaccurate. As

[000dhe rdweruEsent inverfion irkias te preseniatiom processing 8sd analysis of
brauijinf]ef\%ecsuilo‘r)é, ?Egrdn\()sgg at a correct diagnosis may al so

I ncrease I'nspecting and anal yzing multiple
i mages can be time consuming. It is estimted that
during a stroke about1l.9 mllion nerve cells die each
m nute and the ischem c brain ages about 3 9 years

e j n it s said that "time is
b?@gﬁwﬁ%’#ﬂ?ﬁﬁeﬁﬁ'%'&t@%m e that a proper
stroke treatnent can be determ ned and i npl enented as

[0002pon Sadkpassi d?elu%e&flééﬁlht? dHd Gdh TR &g Geatifent SKMMRYcan
THE | NVENTI ON [ 0004] Brain images are processed and

savefiygsyarefedien demaggasesiifered by the patienisr Strokekelated diagnosis
and H680N9%1 l%n% LRSI o t%é@ﬂhgﬁ\ %&o%&e H¥fcal images of

st roke- I mages are superi nposed
the patipet, |snpbsscbqnnmgeazed1tdmd@rdph§u(@1‘) R gesgridtietrebonance (MR)
: imag'eQTc egﬁaentionally, these images are visually inspected by a medical
personnel for diagnosis and treatment of stroke. Typically, multiple images need to
be inspected and analyzed, which include brain images that depicting, respectively,

anatomy, angiography, diffusion, perfusion, and the like.

[0003] There are some drawbacks associated with the conventional approaches
to image-based stroke diagnosis and treatment planning. One problem is that
human judgment can vary dependent on several factors such as perception,
experience, fatigue, bias, and background noise, and thus can be inconsistent and
inaccurate. As the number of images needs to be viewed increases, the difficulty of
arriving at a correct diagnosis may also increase. Further, inspecting and analyzing
multiple images can be time consuming. It is estimated that during a stroke about



and penunbra regions, and patient-specific brain atlas
i mges. The infarct and penunbra regions are
waledensicsed and del i neated on the superi nposedPCTRGE®6/000357
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afteE arstiokalhasasoeulreyur e. The superi nposed i mages may be
used to determ ne any overlap between a particul ar

brain structure and the infarct and penunbra regions.
[ 0005] Thus, such overlaps, and the brain structures
that overlap with any of the infarct and penunbra

re@LﬂY]MAF@P@)Ib?H?HN’KﬁEN?MNV identified and

vi sual | zed. The degree of overlap between the infarct
or penunbra region and any particular brain structure
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pendiwbid régibhye assessnent based on anatony, angi ography,
dlfoSI on, and perfusion scans. The size of the

far ver sust hat of dl e cerebral tery rrjtor
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exenplary net accordi ng an aspect o e present

degiesveimvesiapdzatweep poe infaket ot penmmbraysegoalagdrartymartlcular brain
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di agnosi s of the
overlap and the volume of the brain structure may be calculated. The superimposed
images may be processed automatically to quantify diffusion-perfusion mismatch,
and quantify the sizes of infarcts relative to the middle cerebral artery (MCA)
territory. The superimposed images may also be displayed, optionally with data
generated from the superimposed images, to allow a user to conveniently
peﬁorhing stroke analysis. For example, the data may include the identifications of
the brain structures that overlap with any of the infarct and penumbra regions, and
the corresponding calculated volume ratios. Exemplary embodiments of the present
invention can provide rapid, automatic and quantitative assessment based on

anatomy, angiography, diffusion, and perfusion scans. The size of the infarct versus



patient. The nmethod conprises capturing a first image
of the brain of the patient suitable for determ ning
WO pdoanss632 egi ons of the brain; capturing a sechPtiiSGIoaee003s7

that dimitiBR &rabral stbhalekiofwand eie diffusiorgperusion reismetitocen be
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algorlamor di nate system nappi ng pre-existing brain atlas
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structu I'n the patient-specific brain atlas inages
co-oidirzte systehz@ng supeasimepasing the finst and segand faaass vyth the

. region be identified. The pre-existing brain
Pa"eaggaéc'ﬁﬁgg%e aﬁﬁ§ P8P i se an anat ony at | asgi nmage
depicting at | east one anatom cal structure and a
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and ableast eneaf theaptymewnd thagelyme fatie maylke pregented to a user.
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the infarct and penumbra regions may be identified. The pre-existing brain atlas
images may comprise an anatomy atlas image depicting at least one anatomical
structure and a blood supply territory (BST) atlas image depicting blood supply
territories. The BST atlas image may depict the MCA. A volume ratio between the
infarct region and the MCA may be calculated. A ratio of the volume of the infarct
region and the volume of an overlap between the infarct region and the MCA may
be calculated. The first image may comprise a diffusion image. The diffusion image

may be a diffusion weighted imaging (DWI) image.



prior infarct region fromone of the diffusion inmges
and the ADC nmep image; and conbining the present and
w@rai0owssest arct regions to formthe infarct regP@NSG2006/000357
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I mage.. The perfusion’imge may be a perfusion-wei ghted
dlffustfmg roffi (:lpmf jADEnEEP l[fWEOTOﬂFWé l?ﬁﬁ’ilﬁ\ﬂﬁﬁhﬁuw M nages; be
t o)

et E8 BB RS oo Bthhs uRER 8588 BBrmining o
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{ cerebral bl ood, fl ow (CBF), cerebral bl oo
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det er mi ni ng an appar ent penurrbr regi on

image peay b aqaifusiort-welghted meaging (BVWihanage.| east one
perfusion map i mage. [0011] The penunbra regi on may be

10t eCACRENGY R Sl Py AP RS S PEHTY B ane
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and'tlﬁ@gﬂéasi Qﬁé%brfﬁgi@h rAAS iMhgé he Irmges may be
di mensi onal (2D) or threed| mensi onal (3D). At

Ieast one of the first and second i mages may be a
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or es’ conput er exeécu ruct
conmput er executabl e instructions, when executed by a
[0012) np LAtdeastantepadditienal dmpg e exf the bpan hmyrbe kaptired end

supdibbFS AR o1l o siecbdmgple it gfe SIBA Shorl i ates
imag@AdRl fidRsHia fthad® éﬁﬁ@%@ﬁé@ﬁéﬁ%r@dmb@ﬂ&gecu ,fast spin

uter executabl'e instructions when e

echcbﬂ:rgﬁb magnalisgesonantspangingrapbiitRA), diffyséort weightedimaging
(DV\ﬁ)k?%\é?fug%hqﬁé’ightgaelmca%djE%I)%Xd?&@%ﬁéﬁuaated inversion-recovery

(FLAIR) images.

[0013] Each one of the images may be two-dimensional (2D) or three-
dimensional (3D). At least one of the first and second images may be a

computerized tomography (CT) image.

[0014] In another aspect, a computer readable medium may be provided, which
stores computer executable instructions. The computer executable instructions,
when executed by a computer, adopt the computer to perform the above method.

[0015] In a further aspect, a computer may be provided, which comprises a
processor and a computer readable medium. The computer readable medium



di splay for displaying i mages. [0016] O her aspects
and features of the present invention will becone
w@ppanssss2 t o those of ordinary skill in the arPCTUpGI06/000357
t
storésﬁ%bﬁ)fyufgr egéégyfa}%# it nr\{/}gn?r?ss\%lcﬁ Co%nﬂ%xcetusbﬁge% %{ frﬁe progessor,
ado;atdhermamutegtof p@fﬂrastheBchE/lé mekdd. Fhe@dntputéHmay comprise a
001 In the figures, which illustrate, by
disp OBF"SE %ﬂﬁsy embodi nents of the present
i nvention, [0018] FIG 1 is a schematic diagramof a
[00167 P Wkr a83ENE pMesiurdd o?ﬂ*é%‘#‘e@éﬁf m%nt‘i&?wﬂflﬁ‘é&ﬁﬁe apparent
i hvention; [0019] FIG 2 is a block diagram
to those @f orainantskill indhewart epen seiiewef the fdllowinpdeseringion of

spelichiaPint® I YhBLOR il bapinbetor) ViRknE skberferfo

figurebG 1, exenpl ary of an enbodi nent of the present
invention; [0021] FIGS. 4 to 8 are screenshots of the
conput er di splay of FIG 1, show ng exenplary brain
i mges and del i neated infarct and penunbra regions;
[0022] FIGS. 9 to 11 are inmmges of exenplary brain

at BRgEs: Dé%Ranar@onﬂi‘H@Dmenposed i mage of the
brain atlases in GS. 10 and 11; [0024] FIG 13 is a

screenshot show ng an exenpl ary superinposed i mage of
[00171 ai rn itheafgeresnwhiah ilusteata by waycdexenple eniyn embagiments of

on, and quantification data cal cul ated
the %@Sgﬁf"&x& éasuperl nposed i mage; [0025] FIG 14 and 15

are respectively exenplary superinposed i mages of
[0018] ai FIGrdde s, schefeatictdiagnanhoof a cantbuied exempldrly @f ann
our re resent ation, [0026] FIGS. 16 and 17 are
embgg %rﬁs‘ﬁé'ﬂ PERAN Y SBHBRDI ary superi nposed i mages and

guantification data cal cul ated based on the

[oo1©yperplc;p:zsg@ blH&@Gbagﬁélﬁ ni&@r?aﬂq 7 Softvidrel drcAe @RI 8bware
superi nposed i mage i ncluding braln i mages and brain

stored oaéia%comvmrl_&' IBESCRI PTI ON [ 0028] As used herein,
an "imge" may include a brain inmge, a nmap i nmage, an

[0020] FIG. 3 is a flowchart for a process performed by the computer of FIG. 1,
exemplary of an embodiment of the present invention;

[0021] FIGS. 4 to 8 are screenshots of the computer display of FIG. 1, showing
exemplary brain images and delineated infarct and penumbra regions;

[0022] FIGS. 9 to 11 are images of exemplary brain atlases;
[0023] FIG. 12 is a superimposed image of the brain atlases in FIGS. 10 and 11;

[0024] FIG. 13 is a screenshot showing an exemplary superimposed image of
brain images and atlases with a contour delineating an infarct region, and

quantification data calculated based on the superimposed image;

[0025] FIG. 14 and 15 are respectively exemplary superimposed images of brain

images, infarct contours and a brain atlas in contour representation;



atlas image, or a superposition of these inmages. The
term"imge" may refer to a displayed i mage or stored
wo pgesssat a for displaying the i mage. The i mageCH8G2006/000357
y r
100288 $0%, Horhd #7 SlkbRensof Hoving S8Ry SR RiESed
imagesyarit quisvetifitiation siaten ahlcORERd baséd vadhdisopadmposéd (AdYe; and
In some applications, 3D inages may provide better

e ngd,addi ti onal infornmation be. obtai ned.from
r0024h”, Fifieds ¥ AR Ry T Berronise Db adkinBl i Sigin fages and
braifafiagds. t o process and di splay, and thus can be

processed qui cker with | ess consunption of conputing
power. [0029] A "brain image" refers to an imge of a

brain that is captured using an imagi ng device. A

brain imge nmay be a CT image, an MR i mage or anot her

Sﬁggﬁi%%ﬁﬁtgﬁg@"ﬂ@"" i ke. [0030] Each of the terns

Is used herein in a broad sense, but
- generally refers to a map i nage or an atlas i nmge,
[0028%s pést iseel hereim, lardlimagebmagyincletiera brairaimages gemiabdmage, an

st ol G et B bl AP B e M Bt o
displayéaafiagé lof stdtbalimiaganthts W@ﬁléyin%gh@ hageeTRE ithhge data

consi dered to be determ ned fromthe original brain
may ibeggfercd inl digikaldarm oai @ eempyterseadableanediom sushfagdn @n

. | .
cecff b NI sty RioARuERFES. CEAHAR Ansona
(3D)al seme apbticstidng, 3D iMERES May pebVigs better olewsmubaddiidnal
. . depicting one or nore brain structures. A pre-existing
inforpaloR rBeY e QPéaibed Trag ADuiRags- B sPMeARRisations, 2D images

5 Xk St j iS4t A I ' ; ;
ey B D EcBE0RR As, RGUHAL Ak HRRSELGn liorwinfess
conspiaiptiont ofgyoeepudting owemn at | as i nages based on brain
i mges of individual patients. A pre-existing brain

I may. h i tabl ek in. atl h .
o028 % FRipdfedBrls ©oRNBRT ahp BeBinhel & aablineSdfingan
imagingeévieyA beaihdmge rhagMeda BTEnfigeS bnMARbARIge @tdrisher

based on the brain inages of the specific patient so

scanpgdiimage; or Y\gilikgbl e for superinposing with the brain
i mges of the specific patient to delineate the

10030 SRR R MgE A3 UGS ISEERH P 4 BEFerhe,
genesaiypreiensttoa mapriovage! oaraatias snade,asspestivehatfobiaimmap may
refer% Iralﬁcitrnua{rgee {Rat |bsI é)eondergyéodo llrgmtée [n[a{n% %588. rr]f’ilaflp Frﬁggeb %ay be used
to determine infarct or penumbra regions. In such a case, the infarct and penumbra
regioris are still considered to be determined from the original brain images,
although indirectly. A map may be a perfusion map. A region may be a 2D or 3D

region depending on the context.

[0031] A brain atlas image, or brain atlas, refers to an image or collection of
images for depicting one or more brain structures. A pre-existing brain atlas refers
to a stored brain atlas. A pre-existing brain atlas is typically generic to different
patients and may be used to form patient-specific brain atlas images based on
brain images of individual patients. A pre-existing brain atlas may be any suitable



affected by a stroke. [0032] A map or atlas may have
different representations. For exanple, a map or atl as
woren7/38682 a contour representation (e.g. a SeqRENBE&2008/000357
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an” ex I ment of the present invention,
aﬁed@dﬂheasﬂbkenages related to the brain of a patient are
superi nposed. The superlnposed i mage may i ncl ude
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system The patient-specific brain atl i}ses are
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a ma§ é)?%?lgg %P% lteﬁélsutn s%té&rjn to‘?.g'ﬁag)ﬁté& mﬁ%n;t@ultll?\%ss&l’%rfaces In an

mappl ng the brain atl ases
imag&®¥priesehtation| mwmgrdnssm statctunes in dve mangr atm Ay be

ropropRalpe haphale- e e Al MpRAg. I Srorbbr a1t p BaidTor
struc{lﬁgwg%f Be T€lI dﬁ%é\ad Idr dePitt&§ uBingRaty yu:ﬁdl!ﬂ@ mdiRingasthehids, such

ecte In i ges and"any other map or atl as.
as byTliness eplers, hesled, anditfe ey al so i ncl ude contours for
delineating the infract and penunbra regions in the

. N
ST NN R
lmaggf?;élaﬂécﬁtbeth@darém dflize%mm a¢©sopdnmbeedyflh® supédiiraposed

in maps may i ncl ude
imaga Ry Bk GHUHRDENTHORISRR IBRO9R! 6, BL GoRA Dy specifc
anatcﬁrﬁg And ﬂs%ﬁ%? LA9sidTEER l?rlf i} Wﬁaé’ésaéfé co-Pbgitepd RS & coddtdinate

usion coefficient map may be
systepe. nﬁ@peﬂbﬁtmpecﬁmbrdlrf éﬂaae@rarerfagesd bganapring prerexisting brain

del t f
anat o eGeen PRSI e S e R RS TR B Pnsts
systein AThd HEppihd 8PtheWwhinstldses mbcinBmieNprrark isefedtion, resizing,
may be generated from a perfusion |ma%;e of the brain

scalimgy,empiping anerthedikenArmatient-aeecitie braia @tiap AMage reayge formed
by mgw 2\9 a sgto?ebJ &lalrp .laﬁé)éjtJAw&Wté @ma’t it can be properly superimposed

with the selected brain images and any other map or atlas. The superimposed
image may also include contours for delineating the infract and penumbra regions
in the superimposed image. The superimposed image may also include one or
more brain maps, which are co-registered to the same co-ordinate system. The
brain maps may include one or more of diffusion maps and perfusion maps. A
diffusion map may be generated from a diffusion image of the brain. For instance,
an apparent diffusion coefficient (ADC) map may be generated from two diffusion
images. Contours for delineating infarct regions may be determined and generated

from the diffusion image, or optionally from a diffusion map such as the ADC map.



cerebral blood volune (CBV), tinme to peak (TTP), and
peak hei ght (PKHT) maps. Contours for delineating the
W@enwatsea2 r egi ons nmay be determ ned and gener aP€USE&2006000357

A pfURRIH MhabAalBe. gdredStl ftdn @pi@sién Ra BVfHét biaflExemplary
res i

techniques o tToke di agnosi's where mu I mages
perfiagien inasvingluglel mean drapeib dime GNYT), r\vgp@mabldload dlow (CBF)

cereRiaNTEvalb e RS HRREls B BTy Bnb AR el B LR Tnaps.

Contiirs kdnddlieating Yheapen@brd idgiond@adlidd detennireelr dntbgonerated
m smatch, the 1 nfarct regions, and the underlying
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from (6 Y BeridsB8 IEBER s B3he g fide SotlRldl F AFeb R Bfthe
supérpasition aemdsemgﬂsagenﬁe@bawdmomnbpmecaﬂéuo etbkeay ascurate
For. exa the captured brain i mages maxél ncl ude two

| diaQBPS'ﬁ&nangfmg”r%f able treatracnicey, mPé%ﬂU@bﬁYﬁ R KleING=SsEPY merely

R 0,

fluid-attenuated inversion-recovery (FLAIR),

[00351 WZS" hgrsugerioged |rmgaemgwbeod|$may¢d,| suheas omaccanhputer

soreph 6 it e sr B g meHE e, B Bile ot bt PaBan! Biftipfarct
and péRumBrsl rédibHs RS brafh. arh@amg\%@uhay b@@@%béfﬁabltlohhﬁ two or

superposition may include a gr a PW i mage.
morergapisiigrt PraiR images aRY impges gepealed Meonyihg eaptdrasimages. For

crartf Py AR ARy B48RD SEIa pafienfono
(GRE)) éaéirspmn echo PVEE), maggnetic nmpaadeas angidgfaphy MEAPWffusmn
weighiGk FrRRIH RGN R Wiadted nedingE vl dli-aienudted
inversisi-HENBNELAR) NP1 -NeigtRel YF1 AV, PR UdIghRIE@2VPSimages, and
the like. Images generated from the captured images may include one or more of
the derived ADC, CBF, CBV, MTT, TTP, and PKHT maps. In a particular
embodiment, the superposition may include a DWI image and a PWI image. The
superposition may also include an angiography image such as an MRA image. As
can be understood, a DWI image or an ADC MAP may show infarct regions in the
brain, a PWI image or maps derived from the PWI image may show penumbra
regions in the brain, and an MRA image may show the arteries of the brain,
including narrowing or occlusion of the arteries.

[0036] The superimposed image may include one or more contours generated
based on the brain image(s) for delineating the infarct and penumbra regions. For



[ 0036] The superinposed i mage may include one or nore
contours generated based on the brain inmge(s) for
waledornssasi ng the i nfarct and penunbra regi ons. PCT/SG2006/000357
exaBe 4R Thifet Aho HiidrafA BRI SPIR dHGEoRIDEH NI 4C
fusion I mage and a penunbra contour generate ased
penambta eonietf gehenatédrbgeedray the perfusioddohagermay be included. In

one STESHIE ook SSHCE PBY sTPErte [RTan of Aripetifarsind
regi®n of 8 prisk@farcR ittt Bradth Piagd, M RRRAGS BF aﬁ%’b?ﬁ’%rﬁ petumbra in
the brain image. In a di fferent embodi ment

the krgint taage. tay ﬁere;mé@trdooailm@gt e eonteups mrdehhﬁatﬁmreguon of

= rd S0 Sle oY o L34S s s T3P
embodgnent, tHe ednteprananidefinsstets regish bhan pparerit fegambra in the
bran%oos In different enbodi nents, the patient-specific

-atlas images include one or nore atlases for
depicting one or nore brain structures. For instance,

[00377€ DR ifferaht @vbb s datiehtt gﬁeé}ﬁﬁgﬂ—%ﬁgﬂ% n*nHéQ@ include

t0 show bl ood supply territories rain
one ghthaie atiaaes iy depliciing oreger mors hein stractures.dfor mstance the

o HAE e R0 AR G0 MR A ot

in the Wp&inl in2eee end aRYarem§ dilagVifiageRo RebWesthtbhfical structures in
i nfarct/ penunbra regions and the brain structures

the byaj image-by the brain atlas i mges may be visible and
identifiable. Msmatch may be quickly identified. For

(0038 XTI o tHARY hflesttind ARSFHIAIGE FEUFRIeRY &g .

superimposset, umylapd allsov.erraﬂsbétt/meaftbe nrufhﬁctllﬂieagmtfria segioys ed the
I ssi ona

brairfsluiciles st RREBaR afis prasssnay heofitbiAndhideptiable.

Misritch Qﬂ§y B RAGAPRRARTGS Fiﬁ%(ahﬂﬁé’ |ﬁ€8N80t Jﬂﬁé@cd@@"ds

can per or ned | east in é) n’putl ng
segra@lvtab@nmcilslna%atwrbmam!neequmldwl |fnedm;ml mrt&;ﬁed_; nmgractnvely

- As o3B30 Sl hipbpa R TER B il feeiahe Hie prbSsionet

102 \Nhl ch conmunicates with primary nmenory 104, i nput
[0039D6 ﬁxénmlawmmﬂ@c&méﬁmﬁpﬂthy prb@@nhiayemmn micldeymethods or

t t r anot her
ProcEERAR.ES fRArNaAbIve (10698 POk 630 BRRIQrEIFdh &t lagst in part,
by atBhiFitng dERELSRI ad AConPIEr TOE FHRFRERSBESssing shown in FIG.

1, exemplary of an embodiment of the present invention.

[0040] Computer 100 has a processor 102, which communicates with primary
memory 104, input 106 and output 108. Computer 100 may optionally communicate
with a network (not shown) or another device (not shown).

[0041] Processor 102 can be any suitable processor including microprocessors,
as can be understood by persons skilled in the art. Processor 102 may include one
or more processors for processing data and computer executable codes or

instructions.



as can be understood by persons skilled in the art.
Processor 102 may i nclude one or nore processors for
w@er@ces®Bng data and conputer executabl e codesPOT/SG2006/000357

[004’%];St rl\H‘e%b%‘?Oi hohMBEY ik Hi%}hdrg?ééi%g ég%o%fs%fﬁ?é by

nory reddily accessi bl e by process runti
procgssonptQ2val uniiven MMperprimanyphewlony maydypidallyinchrdoarandom

access ne and, ma nly ne tq store ta at
acodtg e mety NEAD Faghefapvides Brte ety 2 ibfps, fftrord 104
may EE® Intludehd Bcddar hemBEf, SihidiEfayPes paesidRAPEragd memory
storing data permanently, typically in the form of
for staringt qlaiﬁinsrmanéatly,wth@cgéwrtgarfgr legtrenic files of hsesecondary

! I Ll i
merf{fE o bisQEsdtich SR ARG s Kol BPPRIsBS ekfiliflpne art
Menicepd8idl canmindiude dner oranenrptempoimpeadabidld nigdia bforagkample,

el e_cbroni C storaﬁge conprising a conputer readable
memary 19 maY be} flRgireinis S8R COmRrip gqelcemmgercr&ﬁﬂab@r
med%%’ﬁ&@n‘ilﬁ? %% nicﬁﬁa‘?r‘?&@d’ibﬁrco & fodiRsbIY Bohas.

sulta nedal um accessi e a corrput er, as can
compiaten nerxiaitle otediymacgnebes any skitabble dnédiurmhacaassibledby a computer,

comput ey r.eadabl e nedi um,may. be either renpvabl r .
a5 o B lerRIBPE PVt ASPT\HIEE. h e, dh comPLTar readable medium
may ibeCitHEr MmN ¥bRBEHHN- ferid R SsitheP VbRdile 6f R6rRY6IatiRY. including

solid state storage devices, or any other medi um which

-any gagnetio stpfage.contical slemaraton splid istate stprapesievises, or any other

_ et ) . . .

medf§E QP pARGEYTHS OBt daeRelAEEaaRafy bl

instrdetiorseandhcan berdecesddd) ithér logallpbomamotehglbya corapudedr
in the scope of copputer readabl e nmedium Menpry 104

compiing daiee ML GIBPTBHER of 41 BDPYR i alee insiiadadbin the scope of
r as

comREF Riadubic it MAORoh 108 oo SRl o] Secatple,
instrgetoms fdavperatiop cammyier 00 onthle foehaf progrgen dade,as wililbe

dat nd, oyt data., J,0043] , I nput 106 is, to be .
furthgf aseribec b MeBis 194 7aay Pird Sate deB St Saepticpal data,
imageQdathmpuy Hag, 4n8loutplRdatsuch as i mage data and

operati on comrands. Exanpl e user input devices nay

ncl ude a keyboard, e, a disk drive/disk, a

i . a nmus : ,
[0043kt winnutd@ns ie athreadlydviegueted and mayHbplude disee i devices
for r@ce?ﬂﬂ? Wler ﬁ']?)glt %G& bL 'ﬁﬂagé QB4 ard gegpéﬁoﬂl c%%ﬂngﬁ{ié’.df:example

sensors, detectors, or rmagl ng devices for capturing,
userfimputelevigasanapindludega kelybpard, 2Ghousy, aadlisk drikeldiske aanetwork
: communi cati on devj ce .for comunicati nn%; .
communication device, a microphone, a scanner, a caniera, and the like. Input 106
may also include sensors, detectors, or imaging devices for capturing, for example,
an image. Input 106 may also include a communication device for communicating
with a separate imaging device and receiving image data from the imaging device.
Input 106 may communicate with another computer or device through wired or
wireless communication, as can be understood by persons skilled in the art. An
input device can be locally or remotely connected to processor 102, either

physically or in terms of communication connection.

[0044] Similarly, output 108 is also to be broadly interpreted. Output 108 may
include a display device 110 such as a monitor for displaying output data, a printer

10



with a separate imaging device and receiving imge
data fromthe imaging device. Input 106 may
W@ omosseeat e wi t h anot her conputer or devi ce tPCDEGH06/000357

for pr@‘ltﬁ%%&ﬁuﬁ’ﬂé’tﬁ' STonmAlRRRIGREEABe faScoramubRating Qm@rhﬁ%ta to
y persons skilled in the art. An input device can

anothemmmgut@r orr @edeel anc:iherliket a8l cap h@r%&%@@dmerépﬂﬁ ékl"ed

in thef ey Rl 060 Pt ey GEPUELEER St B RERG Ao writable

medilift gHdothet dslicrmiting0B theymedioy dékesingubpbvges) en adput
110 such as a nonitor for displaying output data, a
devicggant kg fasal BHQW?Wg out put data, a conmunication

devi ce for comuni cating out put data to anot her

[°°4fﬁy p&'w bQ runﬁ%réltSSd bgﬁﬁoéebe bﬂd’ﬁﬁar%/ %ﬁmquh@ anqnaﬁécﬁﬁp@t@r 100

ersons sKki the art may al so
may alsolinclede pifer, ditheércwcessaty @rsop;tuocnahmnmor\mts aol ghown in the
FIG. Hnsdl um and the device for witing to the nedium Like
input devices, an output device can be |ocal or
r enot e. [0045] It will be understood by those of

[0046]" di TiRé YafdWdre inrconhisuter 100 ety l@@ﬁmﬂﬁjﬁctﬁm ared/ cotfigured in

i'nclude other, either necessary ? pti ona
a

any seiableaaneen diclagiparinatior Aconvention [cémteﬁw@h the exception
* that ||l?1%lgfq,§%rr§ rgcé\é%'éa%ﬁéregﬂgllmmﬁﬁtéimlW%c\valrt?éjdéﬁé’nbed below.

d In any sui ner for
As cah b® umdetstousmlthemmpgtmpmcessmg enatkodpand ralgdfahmsmgxebe

i BSOS AR 5 v

processing nethods and al gorithns may be inplenented

[0047y hM%'niél?r da%awc@re tﬁére%ncwmptﬁ@f erschbleatodiepsre and

sof t war e. XW may store thereon conputer
instrustionsit which vdmemcutﬁd wroceEor 10Rican adr cenmsiieieto to

cary Y B EEER ) 1 6 naED: SSSTRAE ool e iy tcps o
theseDmetiidds. Sﬁﬁ’ﬁoggf/arbl“fes asevi démlﬁputeTHGOSméy harreacﬂuyr deassdoped
i n conputer nma e r.eadi ed  and
and impigragaiadly B@rsaess%@fﬁ@déﬁ affe" FsNEp 8 PapEr. As can be
n
o e RS v
devidedvalivag eircigits foe plea’wmg\gcmn&m roreé of theedesnrivied cabmuations or
nore of the described cal cul ati ons or functions.

functiof§4g] For exanple, nemory 104 may store computer
software that has an

[0048] For example, memory 104 may store computer software that has an
architecture illustrated in FIG. 2. As shown, the software may include a file system
and an operating system (OS) 200. Exemplary operating systems include Microsoft
Windows™, Microsoft Vista™, Apple Mac™ OS, Unix, Linux, and the like. The next
layer may include runtime libraries, utilities and tools. The runtime library may
include an Algorithm Library 202 such as the Biomedical Imaging Lab Library (BIL-
LIB) and other software utilities and tools. As is typical, the software may also
include applicatioh programming Interfaces (API) applications 204 and graphical
user interface applications 206. The top level is a Stroke Computer-aided diagnosis
(CAD) applicétion 208, which will be further described below. Any of these
applications may be coded in any suitable computer language and using any

11



architecture illustrated in FIG 2. As shown, the
software may include a file system and an operating
wWaymreme1S) 200. Exenpl ary operating systens PCDBGZ®6/000357
suitddie ' g0, t 2! |\&ri i
Py e eLmile: Ff SRaneke 1\ QP Roraf e ition in C
usingiifye phigiciredentast pregramnting teshpiqus.| i ti es and tool s.
The runtime library may include an Al gorithmLibrary

2 [ [ L. i . Li-b
100432, ISPRoch R, B AR08 b8 Bl B ey suppert the
following walkfloWhevidcti wilbnet beafullgldesciibed iif@eflMdrsiat i on
programm ng I nterfaces (API) applications 204 and

graphi cal user. interface applications 206. The top
7] elv&ld P@S%F@P&'BI%S%QI?&& er - ai ded di agnosi s ( CAD)
application 208, which will be further described

- beView individud] stitss (BRUARE héRsrBYe %d%?qSQntlifg aAPprevious

sui tabl e conmput er | anguage and using anysuitab
priBfgrabhri ng t echni que. For exanple, the BIL-LIB
library is witten in C++ using the object-oriented
_pr ' : i s, a

C B G 1 B ek G R BB por ¢ ¢ e
foll owi ng workflow, which will not be fully descri bed
-i rProeeas pelfusionr(fo segmadt and quantifytthp lpenatibtaps) -

Vi ew i ndividual studies (to exclude henorrhage and/ or
[ i revious. i nfayct) -.Process diffusion (to
- s a5k A ARG AR A 1P ideritV/eRaiaR absSeachiSidm
(to segnent and quantify the penunbra) - Process 3D

- arQuangtifo e diffusigepéifasiofenbfarédipxcl ude vessel
occlusion) - Quantify the diffusion-perfusion m smatch

| AR s TR Wt 141 atcition).
flowhart illustrating a process S300 perforned by CAD
| et e .
[005@PP! FrRL3 g ﬂ@&ché&qm}s]traﬁhg?%ﬁggy ?gg@ S;%orﬁirtﬁLégx by'eags

of a gatl ent may be obtain
appligationed®8.s brain may be captured by scanning or another
suitabl e i magi ng techni que. A captured brain imge nay

subi . [ r.altecatjaqn, .
005 +HE5855, hORREL A oEs S SRR g bhIAL The images
of thecpatientts lrain malyust egptlred By sohoming &neinothetduitable iRthaging

and t/{Je I{' ke, The .lj%ost-capture processi ng or ]

technique. A captured brain irage may be subject to post-capture processing or
alteration, such as removal of noise or background, intensity correction including
field inhomogeneity correction, and the like. The post-capture processing or
alteration may be performed automatically by a computer or interactively with input
from a user. Some of the captured brain images, either unaltered or altered, may be
displayed, such as on display 110 of computer 100. The user may select the brain

images to be displayed at any given time.

[0052]  The brain images may include scanned images selected from GRE, FSE,
MRA, DWI, PWI, T1W, T2W and FLAIR images. Different types of brain images
may be obtained for different purposes and not all of them need to be later
superimposed with the atlas images. For example, a GRE image may be used to
exclude hemorrhagic stroke. A DWI image may be used to determine infarcts. A
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alteration may be performed automatically by a
conputer or interactively with input froma user. Sone
wotoowhssesnpt ured brain images, either unal tereBk?TYSG;bof06/000357
FLAK beTRMW inﬁ@%e Bea A NS Fhay B ls &P 1 3t4liRg! YPWIGHS maps
_conputer 100. The user lfna\y sel ect the %Tsagn_ | mages to P
derived fiora il g deatisethip detesming penunilpassh MRA immagenmay be used

to dé&%@%ﬁw}{ﬁi\i}é}fl g\(ﬁnes Wﬁ%«%’v@%?ﬁsﬁr&%ﬁ&%f@ba@ p%qﬁﬂsion
imagdi drbasapitiretly feTanl b app R ciAleaRe ARSI PRAGS RRS hefude a DWI

of them need to "be

_d d not all of . _
imagey ThE ARSI BERaImaY IRCIiHe 27V inpgiagether Reitabidmsiges, such

b o :

R Y e e A G N SR

suchas arewemaiyel @, for lABRE prapessiyg.be used for st agi ng. A
PW and maps derived fromit may be used to determ ne

] b ed to determpe .
roos8E 1y AR S30 e o ke e o e e strmiceds
hem@ehagdls) lororie@@®odinfe®aiisl H8rmmtatioR B¢ bRRRLES baked on

the diffusion inmage may include a DW inage. The

analysis ofa GREiimage angya F imagea OAR application0femay provide a

. S ' . . [ [P al so b
ot SO ot TP G b g osec
on amintemsityrthrashb)d. fQADI eqipﬂib?ﬂizrmgesﬁh tlsb%@ﬁhe%%trtoﬁﬁﬂé,for

rire i
autorpfically SDrIAG m dgen IO BIRF SoMIReRYGh enbesed on an
I T s
determing iftthe domaer ialargenthareiheylatiey Thetsapmented gegions Ny be

. i mage, . such. as _based on an |ntensity
supelifpoSHl o s SR irETeR oo hag Heiadanpaiatssuch as
ixels andl vorelt @ the!irAaGES Aty e 8698EI8IcrEW téa Bt Bolor@iftde
P FSE i mage, such ggébasgld on an intensity thresho@gTa
systefthe segmented GRE and FSE regions are anal yzed to

determne if the forner is larger than the latter. The

i ' f oL . .
N e L I e—
is a cpmuedrs tentuhiouwecesed fifr tishee iclasgifisatioy obﬁer@iﬁc&l%i@lrﬁr@dw image
ono TR L S AL o i e Lol b
on a PRPERDIAthOAsdife M t%@m@e_ta‘?ﬂ%gg%% rp’%r?djm'fé%f int\}gaiﬁﬂlg suitable

classification or identrfication rarn 1 ma
manners depending on the tissue and its properties. One of the common

techniques is the intensity thresholding technique. For example, the intensities of
the image points, either pixels or voxels, may be used to segment the image by
excluding image points that have intensities less than (or higher than) an
appropriate threshold intensity.

[0065] The segmentation process may be performed automatically using a
computer such as computer 100. The computer algorithms for segmentation may .
include functions for automatic threshold selection and adjustment to improve

processing speed and accuracy.

13



anal ysis. The classification or segnmentation of a
particular tissue is typically based on a property of
wo b@705®321e in the i mage and nmay be perforned POI/SG2006/000357

[OOSiG?;' gf@gzé}étqnz%t@%@@g%@ﬁﬂqg%}nﬂopﬁﬁaﬂq bhe Hesrft{-"é'&3 f@@reglon

. t ec ni q I'S
theni thestrokeys tateesiingdlioige hentomihage, lerhlchaaqml eroctdss $300 may

L nt.en i es of t he ima oints, eithe or
termBitE Db fengSipEae Selfuined tehs fageRis o ertensnyS300
mayl dREiAuE 8 B3B6t hat have intensities Iess than (or

hi gher than) an appropriate threshold intensity.

5& 055] The segnentation process may be perforned
[0054]¢ o%ﬁiff%enk/embpﬁ@mtédhpmrem in@ages4say. bapat leashipmart,

v R o B S

hemarthagicr@rischemicnpr ove processing speed and
accuracy. [0056] If the segmented GRE region is |arger

[00SE; oA AR’ THE St iRio RS e detem i AL BRIt gprBusssmay be
genéﬁ% %Yekﬁﬁﬂ?lé‘% oihBRS WiriSiontikRiges! Slich éa%g DWI image, may

determined to be ischemc and procéss S300
be ugesforihis pWPSs®6. [0057] In different enbodi rrents t he
brain imges may be, at least in part, visually

S r
osBP=DEGA AEDIT AL . PRRESSES O ifcd by
certalmaaufat‘.tsr emmas saseeptﬂ:iil&y artifactspod thenfnadgd ngbeidentified and
dg rat ed. For exanple, one or nore diffusion
the”l"ﬁ%’&@% sedycedsorremgvacthage, my be used for this
pur pose. [0059] Before the DW image is processed to
[0060Ft €OAM Qpbh?atldhfﬁ83ﬁ1 vens rmﬁﬁbtféf Qut%Hétfc%ﬂ%%egﬁié‘ﬁ'ﬁng an

as suscepti bi | artifacts, on the | nmage
Infracf@@lrregrqnefdorarthe tDWhlmage stichdis bw%ng@nmdMNevmnsny
thre%%?c?o] CAD application 208 may have a routine for
omatically segnenting an infracted region fromthe
DW image, such as by using an adaptive intensity
[006thr eThelsdgnidifibtidn dhihesPiTmigeingdy bé pefforrdl in @é@@ral steps.

For (St ATUERSSR Py BN P spsenpid a6 ol
(glob‘éﬁ‘@é&mentatlon), such as using a supervised range-constrained thresholding
technique as described in Q. Hu et al., “Supervised range-constrained
thresholding”, IEEE fransactions on Image Processing, 20086, vol. 15, pp. 228-240,
the contents of which are incorporated herein by reference. The segmented regions
may be further processed to remove isolated regions using a fast connected-
component labeling technique as described in Q. Hu et al., “Fast connected-
component labeling in three dimensional binary images based on iterative
recursion”, Computer Vision and Image Understanding, 2005, vol. 99, pp. 414-434,
the contents of which are incorporated herein by reference. One or more infarct
contours may be genefated for delineating the segmented infarct regions.

[0062] Next, if the global segmentation is not sufficiently satisfactory, such as
due to the selection of an inaccurate threshold or an inherent limitation of the
thresholding technique, the segmentation may be improved through semi-automatic
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(gl obal segnentation), such as using a supervised
range-constrained threshol di ng techni que as descri bed
WO p0oQo54ds2 et al ., "Supervi sed range-const rai nepCT/SG2006/000357

HNBor i t el i
e 5R 0o e 1386 ey DS B eag i oo
inteiastivelpoand the $aleeted rbgiongbecleas a. loFhleradwpaentaeslice, may be

segingg|eah i g SO e SR ol L BL rigetvely for the
regibi &N Miéreat. am Slesembbamném, Pe DWISiagk-is dei@Sated with the initial
connect edconponent | abeling in three di nensional

infangt pamtpur.niiedelinesier tnage maythe displayad Soovisualinspeation, as

: [ d,l mage Under st andi ng, 2005, vol. 99, pp.
'"us%ét}gggﬁéfﬁé contents of which are incorporated herein

by reference. One or nore infarct contours may be
[0063¢nerFdGed dhowsdah eremplary stieenshot#00 eflaignaphiical user interface

(URIRF AL eRpHAen 208, g i istigyed enB et flsplay 110 of
comPﬁ’te? 00th elU1 302 BagaHhed ;B(yi\lhfn?éd@hm ) sﬁélyﬂp},é&@ﬁ& With contour

imtation of the thresho ng techni que,

liness4Qfrdalinaating intayctyeglomsr4084Adant 40BBn Infarct regions are also

e TR Gk G BoGh R bR . 37
convetigicecdf adilistingethe thRshorl RGhfilovesb@nentatioh, an itensity
ocal volune or a slice, segnented usin

histégﬁa@sﬁw akthgdmaogi npietsds ﬁ@sfgﬁvmwﬁ@ e &DByWBeregthe horizontal
o et avitivii el . .

i R EAINS S R ST L AGEE B B The over

peak 412 imhistogramc4 1€ oorespondbite thelinfarstregionsd08. ABahde

appigpifed 51 apop iedhtensdi QWSS HAOSRE Rp9meY g Mecineaist regions
408 f4) 194 s@leBtedPMorhahe %ﬁéy FYiGHh B'@ﬁ/&;%ééﬁgvﬁ)tgg)%%kgin tHidtogram

gfpllcatlon 208, wnich 1sdispla
410.0h ypemmpay dynemicallymadjest the valuenofthie ti@zhokl tecadjustdh®W

' 4 i h I i, 1.0 N 4Q
cont R AR gt THEe PSP W AR ok B
improeg@inenthas Besh sadeid thedietghlented irhagéect i vely referred
to herein as infarct region(s) 408. For conveni ence of

]c:j usting.the threshold to i nprove segnentation, an
10063 t efﬁ@, ?Eg't'ﬁﬂs%@'ﬁ%mﬁh\i@Ydhet%@f Maygetesaciitaly movg, add, or
: [
delefelMobpds AnirdRShiout D liee@irpin B diopifyed fnage. The
displayedinagdineay bevenigrged, erizdonmed)issidquarameddtbGliow more precise
rct

. correspaonds t.o the inf regi aqns 408. can be
SRR fieont@ure, oy distrtce. itk Srbows anatBer siaehaot 500 of
GUI 202"®RAkIS pullRiowH meht WiRBbRTBD2 is shown. As can be seen, the
menu provides menu items for modifying the contour lines 406 that enclose the
infarct regions 408. As can be seen, the menu options include add point, delete

point, create a new contour, or delete contour(s).

[0065] As can be understood, segmentation of a 3D image may be carried out
by segmenting and adjusting infarct regions in all 2D slices of the 3D image, on a
slice-by-slice basis. Alternatively, one or more representative 2D slices may be
selected and segmented. The segmented 2D slices may be combined or otherwise
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408 may be selected fromthe valley regi on between the
two peaks in histogram 410. A user nmay dynam cally
wa@djoassseshe val ue of the threshold to adjust tPEI/SG2006/000357

t dihe td) R
oo DAET I SRR s 8 R e 20 prace

maw ke corsteiedhy aeneraiige.a pm@myolummfn@nnthemnage pomts within the

conyHEHFAH byt BB Bp B oS

algomli‘trrraab ltye binary vdlant, alab@wmg tonhganethod dissabad a¢lW.Fage
en] arged, or zooned, and panned to all ow nore

LoragREaieS &1 adiIHHEUBFS h BiGuReoLITen SEbPUITAGR BRRCHDE,
algogigﬂ? OVSorAP@lel @raﬁﬁigomtvop %h g&m %gégzthe‘éﬁﬁ{tsnt@ of which

-down nenu w n
are incerpreatedhereindpsreaienencet ens for nodi fying the contour
lines 406 that enclose the infarct regions 408. As can

10068,  iFRecesARn) Tt SARTS T bl GegRTBAY berufer revised or
correSt8aDSitkRs m“aﬁca"wﬁﬁﬁfe@@&w > PR fHAGhE) thé 38 K8in image

may be carriéd out by a%mntl ng and adj usting
and pﬁn‘g)m mayieslicedalang aamagls ¢ asmteurs nady alsads carrected in

3D ditdchif. 'PH g ﬁt%ﬁrézj S?tso’%etﬂ'ié}ﬁéla\fg&y’ one or nore

repr sen € S€l ected and
segnented The segnent ed 2D slices may be conbi ned or
[006<7ﬂ herfessageehted mmagwmyabe?ﬂ]spmyaﬂ ranglchmanipatated,osuch as
st ance

rotalg e ponEH 5T 2B e I e AE RS RO PIRIgHepCreargentel 3D

|
st S s S O e T .

appl
2D lmagarﬁm iasbowi m@lmsmwmphs:ﬂome{;arzmbmm imeg&and 2D

ert KRG Bh Bbireai RS e o B Do G e
left-He@Ri7side Ch 3D2sulrfad@mosl§%hb% wHiéh EQIIESENS 208D Whtakd? valisine
|ncoaﬁorated herein by reference. g%OOGG] I f necessar

consiiyetechbasad o 8if Sbreonieir ab e nigkigEherianecb T beside 3 surface
608 fef?féé@r% e ﬁﬂ@éﬁﬁﬁ%laﬁé B\hfﬂe erf,’ g%f %l’r?g llﬁélelf%ag referencing.

teractively nstance,
The parttaﬂu lsbowa)bd)eG’m outtided byribe dings 6)1433 a Braindsunadinigsbox

orrected . in 3 |rec The cont ours can
| @By $h35Eh i ?)aesﬂ%\%te%*cl? %?qemss éwmt% cepPPRggkn @ brain
imag@ Y hiecsthpohaas cansideriY MRl 5Gin aNG 'fh&'stthB@B ‘?éjexpected to
zooned or panned, in three dinensions. An exenplary
enclessytherhrain. 3be BBB along with the directions marked can thus be used as a
reference frame for orienting and positioning different brain images and patient-
specific brain atlas images for the same brain in space so that they are properly

superimposed.

[0068] A 3D image of the infarct volume, such as 3D surface 608, may be useful
to show the spatial relationship among the infarct regions or infarct contours in
adjacent and consecutive 2D image slices, and may be useful for making further
adjustments of the 2D contours. The volume of the 3D infarct region may be
calculated and displayed, such as illustrated at the bottom right corner of FIG. 6,
the use of which will be discussed below. The volume value may be updated
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i mge is shown in the screenshot 600 of FIG 6. On the
right-hand side of FIG 6, a 2D image 602 is shown,
woR0ck358632 a superposition of a 2D brain i mage BCS@06/000357

contiWcE\Eer)Z BEQ écﬁlgg&gﬁé&;ﬂ@ ‘?ﬁf‘é dtHEGoRlconédir8have %e

our |nes t he eft hand si de, a
adjusted.f ace 608 is shown, which represents a 3D inf arct
vol ume constructed based on the 2D contour on the

ooei ' 5, P28 uF A A e RS AP 4R 0o o

606 r@%%‘%ﬁﬁﬁﬁﬁ@d%th iHeebraat inmaddsy/fos dewnedting thdanfanttiregieds 408
li'nes 614 is a brain bounding box %BBB g
or 60BBADI surtaceBOR WaYy Al beSERSHRPOSas g\@m a CaHR %’%“9 D brain

maof STERTARE e dpPrPLl BAR noE Che BB i < expect ec

to enclose the brain. The BBB along with the
[0070) I el sone emipddimhents) etmmblmcthmahtacbﬂ@u@rf@@dentlfymg

frame f{ t d
and s%@%@ SR eh G50 TRY DA A0 de° (TaBa Lo bR ey be
consﬁ@%d éhéré‘te%%ﬁ:%rcﬁﬁglghﬁi othBe¥niboRlirAeReEdedicated or
osed D i mage of the infarct vol une,

specmahy aevamed m@mqlmmame tuﬁ;emf@éﬁggnt%ltlaa dhee inferet regions.
spatial relationship anong the infarct regions or

o7 58] B R i o

deten?ﬁipg?icdtm ?géelégi:t] mrig&;t Eﬁdqmdr arlufa{actz Tdte’tjhab lall rihee et:tuahmfamt may be
e

determinef) T@ﬁogi%@népn%%n@%fﬁ%ﬁﬁ ﬁ%sﬁ?cv%gﬁw) F@ U%ED

geneﬂfgﬁ%d%?’cﬁnodz ﬁ‘%gt@"eghd g ADES H\Sa‘i)e%d)ﬂ{éjﬂww'm%ﬁ;\é%me

e nay cont1 nuously such as recalcul ated
com;aér‘edrtotdmenmnharany priey umfaraiwglous,s@mm bpeadilyj urdesgtood by

perspinelied Buihecant. AchiL iatet feae ML dREMEdon " ¢
supe‘iﬂ%&‘uﬁ%ﬂwé ABgEmabitiftle Deatimagetdrahé nifarct coneuira s
04. 3D surface 608 nay al so be sup erl oseﬂée DWI

othenwise cantining $pe prsent andgrier mfarﬁég@g'pas isntiedt

mach L FbCLBRY TR SASEF R AR Ol o PO e
detefiRipRETrdmMahé MV iiﬁaijectA pegeatrinfamy cortous aday mgenmted for
deling8tog e BISHont FTBh RO GRoLER HUl BIagsen S TR map may be
supe?ﬂg;‘fneé;étqctﬁzl &é{ﬁﬁﬁM@'tHQ ?ﬁor gﬁ{é‘ﬂg‘rt] gé’gﬁén MRYridfinfaRe cbAfour may be
generated for delineating the prior mfarct region. The actual infarct region may be
determined or formed by combining the prior infarct region and the present infarct
region, such as by adding these regions, or combining or superimposing the two
contours. In one embodiment, the final superimposed image may include an infarct
contour for delineating the actual infarct region. In another embodiment, the final
superimposed image may include multiple infarct contours that delineate the

present and prior infarct regions respectively.

[0072] At S308 of FIG. 3, penumbra regions of the brain are determined from a
suitable brain image. Penumbra contours for delineating the penumbra regions may

be generated from the brain image. For example, one or more perfusion maps may
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[0071] As can be appreciated, for proper stroke
di agnosis it may be useful to determ ne both present
w0 pdoansse3and prior infarcts, so that all the aptT862006/000357

be usgﬁff &éteﬁﬁh&fﬂ%%e%dﬁwﬁ:%@e gichsiané genaratingRbe pehumbra

u3| on coetficient (ADC) map may be enerat ed from
contoarsD\ onereegebodiment, Hoe MOCUSD iHragS May ¢ Wipage. In

R Sl P e gt r
geon?lljr?)oecri;:éfr‘%rg@?snfrﬁfnﬁgé%&mmn!aﬁSWO@S@henmtloadTbg penumbra
regions faydie aesmgmeg eiter aumax'%gly&f ﬁﬂmﬂa@g é’fgﬁﬂ&gfﬂf
mstar?t%El ggé PR lﬁ;g AB%V B‘é‘?ﬁtﬁ{iﬁla'tlggw hhd gfbtfam? BebhreritM using a

one ‘enbodi ment, a present
suntabléftlamshok:mg tmhnmuaebm dree emtiatimient, enmieas trusititiveg MTA)

map Bganesaler hpser orinedam iaver fod PRGRITE Hdbrmmavke e
segmdhfed Bf é@ﬁct ARRg Ry M ﬁ\%ﬁ!dlﬁ@@fgﬁv’eﬁ ﬁn@ea@mmeestﬂm The

prior regil on. prlor I nfarct contour may

time tiyeeshodd owRyf loe seneptaqieataragtntahe /psuﬁablemoaw@ntlc?@ﬂ%qhmque for
e actual infarct d f d
dentiiia 3 SromsniaG Her B A TelRte W BeTeEd o0 of esent

infarct region, such as by adding these regions, or

[0073]0NMbOtHetpepfusmraapspesy algotbecgeneratashironr the penfmmn image
enbodi nent, the fina] su ﬁl‘l ngosed nclu

for segmeniing: #1d deiMaaingibe PAOPASAGNE O SEH RETUFRR e may
mclu&@&’fﬁn CBIE, @EV& e{ﬁapﬁrdlﬁﬂﬁra pshe final superinposed

ge 'may i ncl e infarct contours that
deI | neate the present and prior infarct regions
[0074]es placidme eynbddiozats, segsenation q:ﬂttae pgnuwfarrﬁg@ns may be

facuhtgféﬂ by aﬁ‘@éeét#‘géﬁéﬁ%n%& %i?g'%r%; (ﬁ L[I neat | ngég%l?be further

discuB884 BRIc." €gi ons nmay be gener at ed fromthe brain
i mge. For exanple, one or nore perfusion naps maybe

ed f det h
[0078JoncFIes Tghews Speamma SesnTiot 100 hRERes B Gupegmposed
magé%ZRﬁﬁnEH%&ﬂ‘déé@W@Y dﬁﬂngql?tlﬁtrf’é%férﬁﬁﬂﬁd ERufBIE
tions, 1t neceSsary or desirab Pe to
contdwsm peanynbaa régias t794aa dietineafiedrhyt cortoul ey 06 opupeimpesed

Y o "5 AR SR GREEDOL el 4 P sions 7

with ééﬁt@ﬁﬁﬂé@’ﬂ()’ THY cdﬂﬂbﬁr lif® 706 PsdyAbe mtetéWVEmemgd similar
be automatically and gl obally segnented using a

to thsoasabfﬁletlhfaésmr@wg diseussedaboven one enbodi nent, a
mean transit time (MIT)

[0076] Like segmentation of the infarct regions, the penumbra regions may be
segmented from the brain image in 2D or 3D. When initially segmented in 2D, the
2D contours may be used to construct 3D contours. Alternatively, multiple 2D
contours may be displayed in corresponding spatial relationship to show a 3D |
penumbra volume.

[0077] FIG. 8 is a screenshot 800 that shows an exemplary 3D image 802 of a
segmented penumbra region. A midsagittal plane 804 and a brain bounding box '

806 are also shown, similar to those shown in FIG. 6.
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map i s generated based on the PW inmage. The penunbra
regi ons may be segnented by segnenting the MIT map
waigiongssa3yi ven time as the threshold. The ti nePCT/SG2006/000357

[0078]" st bitme %m% Ebﬁdm'b?é g%@&ﬁ Y&\ e célc%ﬂétéa%'na

conventional t or id I fying and segnenti ng
displeyadntheausesgi whish maU/ bbeppaeent tpETSInCokilled jmethtest. dvs can be

SR i ArERLPENATRE Rkt iy N BB i PPl the

overlé‘b%f bétwlé@hfthlé la@ma'méroffvéglbtﬁ@ bHE @pihient@BnuniBregibht; and

PKHT maps. [O | n sone enbodi nents,
thenseé@mrﬁgath%ﬂveﬁanmd rg@mmﬁtffcan itlegy iannaremy)enumbra regions.

Con%@é@éudsﬂ&g{nh%?rva%gr’n@gtg tl'\j'mg %f:{(%g p%ﬁr rtn'Rgér A bé Sgicgpao ﬁ? g%ts%tractmg

I'SCcussSe

the Jdh@nB]of Iéh(ﬁovérlabdueﬂ;waa&n theeapiual wfaret erd $hwbhpgd@nt pehumbra
;{ S a,su ose ge 702 whi ch includes a MIT nap
from ﬁ@ﬁ’&'% ﬁ’f appﬁrgp{;m PERBPFenunbra contours. A

‘penunbra region 704 is delineated by contour |ine 706.
[0076) PeAt BIADESE FICRIS thDBrail FRaddls Witethebbritohiariek 6f delineating the

contour which delineates the infarct regions
actualdnfamtrand PeRuUMb® regiens; @he carregistereddo amotdanate system. Any

st} 8538 8 e B3 b 5333 i o

Talaﬁacmemoaﬂmafe Sfstémeamapbarged: Stich®-regiralidRuriiy Be readily
regi ons may be seg‘manted fromthe brain imge in 2D or

perfospied . ane ﬁkt"ﬁdl'm esanglnherp pecarding teea switakie cenventional
techﬁgpeki’g |§t%r| nr?ﬂabé‘g'io é@a@%‘ lbrrél a@ égo ?Eﬁt ively,

con urs may aye r éspondi ng
Sspati aI relationship to show a 3D penurrbra vol une.
[0080D 07 At SR@ of FlGs 3apezexistir btaig @llasés forstepictingrbrain structures

are BB Tapb T Bt OinifeG I 6 sERaIRP Risama e

brairfétfasindayesh Th8. prélgXisting Braint RERsTAYMhdIdh BST atlas for
6. {0078] The vol une _of "any 3D penunbra regi on may be

delinggfieg padepicting the BSTgrea braindmage, sndwan anatamy atlas for

oo B PSR B Ay o 5 50R pmace.
The byatbhmsatiatetmey depiot gubbmoamtrmsréseanweasmba@r@@é dU@Jch as
an

.infarc ions a ppar ent penunbra regions,
gyn Q'HJ;%@&(BP% §r?g§e?%gﬂ'l?\$§rm ﬁﬁﬁ%ﬁ'%l% may kedeterministic where
the LRSS WHtwBER WiTRIrent SRIANes are definite, or probabilistic where the
borders are fuzzy. The pre-existing brain atlases may be obtained, such as

retrieved from an electronic storage, e.g. memory 104 or a remote storage.

[0081] The pre-existing atlases are electronically generated, and adjusted or
modified to form the patient-specific brain atlas images, at least in part, based on
the corresponding brain images and the co-ordinate system in which the brain
images are co-registered. A pre-existing brain atlas may be a brain atlas template
or a standard brain atlas. The patient-specific brain atlas image is formed by
transforming an atlas image of the pre-existing brain atlas so that it can be properly
superimposed with the corresponding brain images and any other corresponding
map and atlas images. To properly superimpose the patient-specific brain atlas
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Consequently, the volunme of the actual penunbra may be
cal cul ated by subtracting the volune of any overl ap
whedresss3l he actual infarct and the apparent pRCIIEGZ@6/000357

magésé;%ghttﬁg ﬁ‘rﬁ@dﬂgg bfgin tlrWé ngﬂé -SRIMGHain AEE3ImAY need to

w th the contours
be trefrefortaid oreathengise hmod:ﬁecmm maﬁclatha cenfiegipleneshbrain images,

such gﬁg qua{ugg{ gz%,gorgﬁ t 9y ?@tgfaéﬁi' tﬁ)%}‘%gg*r%é%e?%ﬁlémechmques
may 5& ﬁgBéi for rﬁa%ﬁn@ the Br&@&tsﬁﬁg Mhair atleaksito dd coordindtensystem.

system may be Used. Such co-registration may be
readi ly performnmed by one skilled iin the art

100823ccoPineembodets 5 e AR P! IR OITed using

o R AHRCFAB LTHRRR 47 S et oo

pre—ef(%h{l Spamtatrageb méé madtifiect by uemgdhe mhﬂsagmt@upmé (M&R))e@d
CO- 0r

e e S5 AR STMATH R B, S Bl BEe

desc}é%cji h’\dﬁetﬁbr ¥ nEt Newirlski efjﬁi Jrepid BEd @ut&ﬁﬁtl@balﬁmatlbﬁ of the

| mage, and an anatony atlas fo
mldsd@lttahpianemgntagr\@Bplrewnayqehﬁffwaﬂ@*ﬂdd%ﬁm&ﬁwmmﬁg% Academic

Radlglégy cﬁ@ |p8ag52t6%1§0m§§§‘%§ﬁ§hcort | c ;}f‘ég’?é’%ﬁ% Y

citedQE?M ér@ﬁ@o%&é’t‘é@%r@mﬂﬁﬁ@er&h@se pre-exi sting
ases nmay be determ nistic where the bor ders bet ween

different structures are _definite, robabl
[0083hor Ahremmiaraalioat sopais gnatiay BHSs ESRPR i B9 and 10

The %&%t@ﬁf/s%t%%s Qﬁo%tlﬁ'u‘?\%ge rﬁg%eﬁﬁatf oAlihiFEe9 didoim cdmtour

I'C Sstorage 04 or a renpte
repre¥entation. in[F1G81D. The apatonexatas mgfoambdsfemn & Gerefy brain atlas

acco%jgé]tté ?Qel %Lpé,x,%ed;eﬁ f3§8 in Wg ﬁl USt e% gZ@éj 'Cfe{&? Cithical

Bra/r% BR&bh-CHFROM. Thidmhe, NQ\W'\Q&ROZMﬁthfo@htent@BQMIMe
co-ordi nate systemin which the brain I mages ar

mcorporateg iheraindy. referpnee.ckies Cerefy atlasis derived frap the Téplalrach-
Toungltlx tlér%ﬁb%ﬁ? J)@g?rgsg rag? o%?ﬁgé{:ﬁb&f 'Falafré&? et aN€Coplanar

mage | s
Sterédtléaﬁcf ALad bﬂtiﬁH@Ma@SBnav‘mg'ml@ﬁet Smttg‘emt—NEWSYmnkg 1 BB&l the

contEe b YRUARRNGP RS TSR oA PE Fa PEE DTN
ot {55 448 A55RTATHEE e FLER B e oA Mgt
the tbd:MnQuem”dgambe‘dha Wirle Nowisskired aby SMultiple b@ers atlay database and
atlasé@a%éé@gﬁé%lgg gyﬁ{qnﬁaglgagnputer A é’eJ éﬁ%etrﬁ @7‘3 li}o IQe pp. 42-
66: W.L. Nowinski, “Electronic brain atlases: features and applications,” in 3D
Image Processing: Techniques and Clinical Applications, Medical Radiology series,
eds. D. Caramella and C. Bartolozzi, Springer-Verlag, 2002, pp. 79-93; W. L.
Nowinski, “The Cerefy brain atlases: continuous enhancement of the electronic
Talairach-Tournoux brain atlas,” Neuroinformatics, 2005, vol. 3, pp. 293-300; and
W.L. Nowinski, “Modified Talairach landmarks,” Acta Neurochir, 2001, vol. 143,

pp.1045-1057, the contents of each of which are incorporated herein by reference.
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such as in location, size, orientation, shape and the
like. Two exenplary techni ques may be used for mapping
W0 b@7/05883EXi sting brain atlases to the co- ordi PEL/8G2006/000357
st ] ' ne--existi
100BHS; e PEdT ated i nE HIRIABE anbfed T oRE' Shbdfiment, the
Cerdiyaatieisanapbedabdled Witht abhtrﬂ winéte dnal gragtrh‘@ttf %ﬁﬁtmmihb ireeNSuch a
t he pre-existin rain atlases are nodifie usi n
pre-ERStRg GUEHIS DA BTGRP ROS A0 arLpTTGPLaReMAtPend e
o . : - hay N
con QL K eSS i aBR o O R ROBRBHERIIE R, B8
facilfaie dswalnmiewiogadisupetdmposedimades.ni dsagi ttal plane in
magneti ¢ resonance diffusion and perfusion inages,"

adep] ¢ | Vol . . 2-663, the .
oo eME cER BB vimaBe Rutnedrapdied Bagd 27 Fartbii wrain
image tofaper thegshtieat-epacitiy braih atlas afage e0itablefor B6sing with

patient-specific anatony atlas is shown in FIGS. 9 and
the gapturgeki oferigt ofdeligeaiediis anatemy irueiiessent at i on
in FIG 9 and in contour representation in FIG 10.

e 1 as

[008B12 o Rl PHIEFBET, cRITRAY, JEBIE P RlIBhi igh BRTY,
et al., The Cerefy Cinical Brain Atlas on CD-ROM
-Thpenetratiegbrasckes ebanterioneersbmalartesy ¢ACAI ch are
i ncorporated herein by reference. The Cerefy atlas is

-de{ér?ﬁ%lfﬂrgﬁ%rg%ofjﬁéﬂi rach- Turnoux (TT) brain atlas

of "gr oss "ana cribed in Talairach et al.,
Copl anar Stereotactic Atlas of the Human Brain,

-ThpenetratBiguivtapahes BEMCror k, 1988, the contents of
whi ch are incorporated herein by reference. The

pajient -specific ony atlas inmage may al so be
'm{ﬁrm"@ﬁ’?%ﬁmcgjﬂeér i nproved according to the
techni ques described in WL. Now nski et al.,

-" Modhetpatigtsrachegbf postdabobaebral2iteny (PSAPaREPosterior
neur oi magi ng system" Conputer Aided Surgery, 1997,
vofommunigatingartess: W L. Nowi nski, "Electronic brain
atl ases: features and applications,” in 3D | nage

_Pr Tk [ s and dinical Applications,
I\/b%i?ca lggad?%ﬁggiweﬁ es, eds. D. Caranella and C.
Bartol ozzi, Springer-Verlag, 2002, pp. 79-93; W L.
-NoawtesRr chorpigal @desf.y brain atl ases: conti nuous
enhancenent of the el ectronic Tal ai rach- Tournoux brain

oat =y preRARBATIG e300 S0t aufe g BRiPbarty
fromAc B8 TNetiplatei descAb&d in Mal. Krésdhmann et al., Cranial Neuroimaging
and Clinical Neuroanatomy, 3rd ed. Thieme, Stuttgart, 2004, the contents of which
are incorporated herein by reference. Briefly, the patient-specific BST atlas image
may be constructed as foilows. The axial BST templates are digitized. Brain regions
are extracted from the digitized templates. The digitized templates are registered
nonlinearly with the axial images of the patient-specific anatomy atlas image. The fit
between the templates and the patient-specific anatomy atlas may be further
enhanced automatically as described in the above cited references. The formed

patient-specific BST atlas image may be edited interactively by a user.
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pp. 1045-1 057, the contents of each of which are
i ncorporated herein by reference.[0084] The Cerefy
WwW@ei0a®e58s8y be | abel ed or annotated. |In one enbPdi/s€rN6/000357

[posge Sahitdry @tthapramxidling Akedad atatthel ;ireae's&stu@ Bsmme\s
ray matter structures. Such a pre-existjin

may geam eltberimageer sontaHbEePsaRPiatRNRr AGEHH @ggmt pah%ntspec'ﬁc
anatglﬂﬁ@?lg gl%ﬁ@e 'S BSP gg&?#% n{H%yaI%’S tb@qH %ﬂhéﬁﬁ%@e bilcontour

at1ons € visual viewng o
represepeition dneskamplgaspatic 8pkcilib 8STeatthy inadeain immgebe
further rmd|f|ed|__5 gq on a captured brain imge to
represgitationds saewarn % fic brain atlas inmge suitable

for superinposing with the captured inage to depict or

[OOSQ’f' | fRat tlbhﬁsgééé’lf i® BB TSANACiEY BB cdrid@eledTdifkeh that it is suitable

e- exi |ng | as may depict the follow ng seven
for suimnmpowag e\tntfather@rmsmcdm nﬁtleahﬁ@eqnf;@ apatospy gilas image and

o St L L O g e

penetrating braches of posteri or cerebral artery (PCA)
[0096_’Pd Dﬂgémélembodlmnm davboi segs of inesiges- ort attas imelgelsimaay hes

consiiggeR KneAr oS [ AR RSP ST AR RA R M) S

bed H. J.
Othe@%h%h)ﬂﬁ%g %Yﬁ]?fd"% f;(g?d:‘ﬁﬁeﬁ I0| ?rag: Rg and Cinical

Neur oanat oy, 3rd ed. Th| eme, Stuttgart, 2004, the
cohtBothsets ofimagesdhrave ﬁhe@@ﬂm inage Azeans r@,’iofutlon and the

referenc Bri.e ent-specific BST atlas
same BUADELR) 8@0%8{?§%/¢th§@%% 'foll ows. The axial BST
tenpl ates are digitized. Brain regions are extracted

f romBétheects of dllacithdgasyhatethe sinte dhape bt ¢artex ands

are registered nonlinearly with the axial inages of
venti¢idansystem; aBeci fi ¢ anatony atlas inmage. The fit

bet ween the tenplates and the patient- speci fic anatony

até %otE’%&t@@f Ld Aedgenhrenessteah eBsamal (_I_)g Falairach)

descri In the above cited references. fornmed
coorpimaieeaysiepeci fic BST atlas image may be edited
interactively by a user.[0088] Sinmlarly to the

1o0sR]” R G0 P e BB A0 AGE NS st
11 issrowidlinBIG.,12.he patient-specific

[0092] As can be appreciated, to accurately match the captured brain images,
the brain atlases may need to be modified such as resized or co-registered {o
correspond with the captured brain images. As discussed above, the FTT technique
may be used to quickly and automatically map the pre-existing atlases to the
captured brain images, or to the co-ordinate system in which the captured brain
images are co-registered. It has been found that the FTT technique can
automatically map a pre-existing anatomy atlas onto a T1-weighted image in about
5 seconds. The landmarks used in the FTT may be calculated automatically in
three steps: (i) calculate the MSP, (ii) identify the anterior commissure (AC) and
posterior commissure (PC) landmarks, and (jii) calculate the cortical landmarks.
The steps (i), (ii) and (iii) may be respectively carried out according to the
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anatony atlas image or BST atlas imge may al so be in
ei ther image or contour representation. An exenplary
wQain7este3speci fic BST atlas inmage in inmage PCT/SG2006/000357

tech%@{ﬂ[&@%@kﬁﬁé@pﬁ &S E@Et‘ém], R rﬁgﬁ %é&nthhp\%%?J%easntcjic%utomatic

ent - speci constructe
extradhian oftthé snidsagitibl mane of mqobunnmprehyum fromt euroimages based

on IqE8! By BTl PP VaroP A G 0Bny a2 PaBD. 2 Poh2166;

B. Pi K"Nleét dl 0@3%@'%&9@%%%&%&% of ke §ﬁﬂe‘ﬁopénﬂ %@%?lor
or atlas inmages may be considered to corres ond t

comeussture poeint landrsaiksdnIMRvwlunselisrnaxsoisiagesw w@&aﬁlol 20086,

vol. B P88 R Pl B bt Bhulle, Y AHgE R hafon br the

modifiedof albivach certidak laadeinks ﬁdﬁhﬁégﬁé‘u@mﬁaﬁb@ tmages’s Magn
Both sets of atlas i mges have the sane

Res@h&%@sgp%méoleéﬁm W R patentapRigatienpUBligatgn number

WO FBbBIORoPT % IEH; EFal THMENSA Do £ 3505) A PP patent

applieatien pobli¢atiom mﬂmbeeV\Em 2006104884440 iNagargja R#b ehal. tpublished
BST, ' I 1 h FI G 1 0092

sune 22§15, 3 pielents af et e icharpyheRtoeRteh bR urgtprence.
brain imges, the brain atlases may need to be

[0098Pdi nfed treneforatatiofdsZ@ssPibelGbove! fHeedfuled brain images may
correspond with the captured brain i mges

be refognatiedalangdhe AGHRC piane anhiiejiienstaymes atlgss_eﬁ mey be scaled
piecisEfipéal o, AP L pirkEBitc BBl Wbl g 2°°°

supssiygiczad withvthes brdilémages.ured brain i nages are
co- regi stered. It has been found that the FTT

o093 2 Arhesnalar SUREPERLicn 4 b 0SB Slasddsdde. based on
the FME1JRRIRS KSsHSRA it the & ebAdhdtaf I*?G QQ' The BPeﬁﬁ flimages in the

autorratlcallylnthree steps: (i) calculate
supefposition inelude/ 2DHAN andr T bweighied vages @mylremalong a same

pand A€k 8L 57U o s ARTAR KSRt gty e

infaretveg(on 1304rabhedanatennesid BSWIabérsrstﬁ‘ﬂeralﬁe @tﬂémedlfﬂﬂnttﬁe
t het echni ques described in Q id
corregPgHHINgRA spggugtarmfmnxmﬁj'@tlas images (not shown but see

FIGS. 14 and 15), which, although not shown, are also co-registered with the DWI
and T1-weighted images. As illustrated in FIG. 13, the names or other similar
identification data of the anatomy and vascular structures that overlap with the

infarct regions may be displayed, such as in the right-panel of the GUI.

[0095] FIG. 14 shows a superposition where the patient-specific anatomy atlas
image in the contour representation is superimposed with the brain images and the
contour for delineating the infarct region, but the BST atlas is omitted. FIG. 15 is a
similar superposition but the patient-specific BST atlas image is displayed instead
of the anatomy atlas image. CAD application 208 may allow a user to select

different blending ratios to vary the visibility of different atlas images.
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extraction of the mdsagittal plane of the human
cerebrum from neuroi mages based on |ocal symetry and
wWo@io7i088632 enoval , " Neum mage, 2003, vol. 20, ppCT/SG2006/000357

[0096%154n éa&&s whRerda TW-Ne.geﬁe@bcannéaamn@bamcamnamecor data
ocal i zation _of the anterior and posterior cqQnm ss

reforrrpﬁitlm lls reidiasirable, tharapiiredgiffusiorhand B?I'ﬁsl@'@Q images@nd the
) 4
v S5 e et B b e

their MSPaiflracz\hd:m:ahl swaling dineinBBBs $o that teey BBEsomatahoeanicether in

size. it BIGP ol BB s SRt MR P IGR £shg to

the ’[efslﬁ’mgué\I de@&n@éd in LR Néﬂﬁ‘%k%f Abentids-asRed MR 8trékd image
application publication nunber WD 2005/ 048844

unterpteztamag by ajsingranatemical andmjbod shpalyJeriores athasss,t Reogram,

o1 REGRUFIR o ! Arialiceriehfi ASicthed Al Ahfudeeting
RSNA@?O@@ Cﬁlbﬁ%@ anmrsecusm AN6vérnbees7 wDeeentbelr @, 2805 £0.857, the
al ong C PC pl ane and the transforned atl ases may

contepts czfcyml@tm ape W@@md hetgin Py referenss-t ne
patient-specific atlas inmage, which is then
up i
[0087] 2 P ea puberbpooh b h A PGSt spifc atias images
based orges MSfaand BBB téchnique ascsmowié) FIGS.s1ﬁ>wnd|1r7 Fife. 16
screenshot,. of br ai

shows 8 supRORTihot & usiory B ek e B SitgR irhddesiyeantour

repreé’é?ﬂ?ilt‘(i{? QuisdrepPtie iRITEt iRigiditis d'@hﬁeé d}DQﬁ lifiafd o@h&iﬂr FIG.
I nc es an I nfarct contour 1302 f el i neating the

17 showk s suparpgsition pga@eﬁnwrammgﬁ@ndme brin pilps iragewith

contoff s iR S e RRATEBE s, BHERRIAPEE by eumbra
contodifadd thel ¥arcnbosiour & élb@lwb\nmoln ehoweaserthealanaes of the

co-registered wth t andT hted i
specifi¢ biain pHpelyresthat gvqup V\(I’qhethﬁaﬁpé dgfagtgq%,peguﬁﬁﬁgrreglons are

listed liff Y h%r X ﬁcﬁﬂ?ﬁ@td? Ré dlner ﬂB%We A pEreEitadE of occupancy

st ruct overlap with the I nfarct regions nmay
of eacbeanlatsmmqlaﬂrucuuemmistewnﬁorWere dlgplaypdnhﬂ adgitiemndhemtios of

infarch & Wirh sy And Raiirineg BAIGA tPHUGH 5 2ive SaGHiagey and

dlSpldX@Br esentation is superinposed with the brain images
d the contour for delineating the infarct regi on
but the BST atlas is omtted. FIG 15 is a sim|a
[00983 upApern be@ppietiatade thaatraesparepey of eecméﬁpéaw%mqg&ga the

superjpgsgioﬁ %5\}' Bg sefé%tt&f‘gnd adjusted to provide improved or different views.

[0099] At S314 of FIG. 3, the patient-specific brain atlas images are
superimposed with the brain images. The brain atlas images include an anatomy
atlas image and a BST atlas image. Contours for delineating the infarct and
penumbra regions are also superimposed with the brain images and brain atias
images. The superimposed image may be displayed for visual inspection by a user.
The superimposed images may also be automatically processed, such as by

computer 100.
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of the anatony atlas inmage. CAD application 208 may
allow a user to select different blending ratios to
wo a00y/054882 vi sibility of different atlas i magesP¢DOGBI6/000357

[00100] caseFIGht8 ehews ahr evirapib s sarpositioh 8O0 dof braiftimages and
.available or data refornmatting is not desirable, the

PatienirRGCEtF ki aaomagRs- SeipetrRqsiion HBQRnckudesta BV brain image

X ' O o :
and B F ERRTITRY thAnTRieL” Eoni ERcRESha O FHRE A EpFRgmbra
regiors iandBBizs iswmgesdhat depieBie alwtgrhyeiaubtmékl ehdiBS'Bﬂérﬁe atlas
. _The MSPs of the brain i as. | mages may be
mage A SEIBYSS di RGP [RICESRANPu  NBGH T IS 02 Shqw the
Talal¥ah BFili wﬁiqhﬁ'nag beffhbd&d & HistaRv vﬁ%b‘?ﬁ@ aHQ@ﬂﬁages to
interpretation by using anatom cal " and bl ood suppty .
improge the &t belwesn theatlas/map images and $he Reain dhagés.as can be

o Sy e TSR PSP e Bt i
imadésvandtie Borders Seherdieitoical @bctuPeBad B”S'Ieafeoﬂéig%r?\]arked.

of which are incorporated herein by reference. |
I super i nposed brain i mages and L
mmﬁgfingnﬁ ¢ &@BQPP% Viwing, {iffaernd imagesi may heshquep indiffesss
i I i . .
coloKET M SINERAY ol ble 88 i) Arof stV i
be showavithmdiffererttypemofcontoeplirese hatdhi lines, shdacss) of kiee like.
infarct region is delineated by an infarct contour.

L G o e
procebssceand ahalyeed Usitier diramafically siedy aeaked by a

penunbra contour and.the infarct contour is also
n each case, the names of the specific brain

wn. . J1E
[001§Sf uct L}J?-%rse)f%ﬁleog‘éldFséiHSW@ BbevR thetGAP applieatian Z)Qflf may
provER S Lcho 8 A St e T A P e
the peacentageob occaparstyrfoc eacke anatbrestruttarey and dlabdssupphe territory.
In addition, the ratios of infarct to MCA territory

pe 4 territory are.al so.calcul.ated and
[001g|££pl ayleigg. Fﬁqﬁ{')\%%?' %s%%ha%golémﬁ, &?I%?ﬁ E-’cﬁ?r Ck fryions as compared
to thé MOA perritgyaref theadiffusloAJeiRibrl MRBRatch rh&Pbe calculated. For
syper posi ti on rmfy be sel ected and adjusted to provide

examptpr Higeeplgnedf iffard andpeswembroney pealadateddraseri@n te
deterifeBMiaRd anthier e teBidhs” Tha Yol RE ] ot Bl mavhe
calculateddsom petiedespetitnatiasimagds TheBST atiad imaBs may Haepict the
MCA RSy, R 0rinE Obiise bP o infilct fegion mod e colame of an.
overlap between the infarct region and the MCA territory may also be calculated. A
volume ratio between the infarct region and the MCA territory ma‘y.be calculated
based on the superimposed images. As can be understood, this information may
be used to support the thrombolysis algorithm described in M.W. Parsons et al.,
“Therapeutic impact of MRI in acute stroke,” in Magnetic Resonance Imaging in
Ischemic Stroke, R. von Kummer and T. Back eds., Springer, Berlin, 2006, pp. 23

to 40, the contents of which are incorporated herein by reference.
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penunbra regions are also superinposed with the brain
i mges and brain atlas inmages. The superinposed i mage
woren7hosses spl ayed for visual inspection by a UBET/SGHI€000357

[001 d%ljper | AROSREkt SRR iddosd, 1Re RBlumdLRhecrila infarct and
ocessed, such as by conggter 100. [ 00100] FIG 18
P

penum’mme@nnemmalaﬁ)besﬁzﬁi@lﬂl i ori fhenvgee deterblingd i mages
and patient-specific brain atlas i rrages Super posi tion

00
[0o1 ai nI ﬁﬁ)& gﬁ” %rs %i:aéd eat| %el)a‘f‘ﬁq{ apéftﬁqgfntdand

right BémipHeres$ ﬁﬂla!las-toa:fm”ruémng nrages that depi ct the
anatony structures and BST. The atlas i mges are

[001(27382I 2 &%ellaggc g}(ﬁ:{{rﬁ%ﬁs’rg r}teajtﬁlpgﬁn Rg&'eo(g/q{%pgg{b?%natomical
struct)d?%a§ B?BFdo\ﬂeé%tﬁl‘g drrifdies#haPbe id@aried! B 4 siicve bht:érﬁtdry is

ween t he s/ map i mages and the brain i mage
only panmaﬂwsthenthetmmmn pRNENkIAediona 8 raﬁa@éﬁlea@vmﬁpped portion

bl ogk
o g QRLEAGE RagBl G REERE RSP R CE GRS O o
undeYdtdb@ by ;faitédﬁ%iskméwﬂspth]e arg tealdiffustoncperfiisign misfrfadacremay be
I mages be shown in different cobors and shade

readiyl qiENERE LKA SRERENIPPEL BREPGIND QPP datPt end RaTikya data.
For q%mnzéﬁﬁquhé FS?YHE Vbibifhe g dfitRE %@hu%l | ar‘E:PH‘F ei calculated

atc I nes, surfaces, [ 0010

base§dkfthef ddfinGated] infdret amqbpepnmbra By be opt| onal |y
further processed and anal yzed, either automatically

100105k, CalT i GPIaYeR SHPsSD BPY s B8 ARTE BES R Spects
suchaéés{ \ﬂ@ﬁﬂdgcéﬂ\g%!és aAb Gooft Ractdre, ARY @hﬁicmdn%@uﬂ‘ay #e interactively

ume and percent age of occupancy for
or dysamicaly mpdifietusecinas discossed appys: E@r@@aﬁ@ a Pél'}‘tﬁ‘)'lﬁ]r image

oy FRSFEFY SPGB o, S Sepianon o

lmagébfrﬁb'yii bentigpajatbbasedroa iforhatiary phﬁndmi amﬂ dtsqaﬁayeléofro focus
exa t he vol ume of i nf ﬁ@?t an

on dr AR RIS OB RS i P e ANGBAT S PP ghaacing (such as
e e R
genaaiea!sbasrmigm ceyentepformatibe. Rorexampie; eegmeAtatmqf aowartlcular

mogd 5oy s e BOMSRE b By

territory may al so be calculated. A volune ratio

[oo1b91 Welerrnf@ tﬂegém&ajf@taldtmmm dmend\Eipdrimposeat imageymay be
be” cal cul ate
recorded such as on a computer readable medium for future use, or displayed

along with the superimposed image for convenient viewing.

[00110] At $318, the final superimposed image may be displayed and the
user may inspect the displayed superposition and review any accompanying

information to perform stroke diagnosis.

[00111] As any overlap between the infarct and penumbra regions and the
brain structures are visualized, and the brain structures within the overlap region
have been identified, stroke diagnosis may be made quickly and accurately. The

superimposed images allow the user to check which anatomical structures and BST
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based on the superinposed i mages. As can be
understood, this information may be used to support
wo b@7okssenbol ysi s al gorithm described in MW Rer/SEH®6/000357
are eGnfareast in acute stroke,"
?E'ﬁéﬁ%?'??%@gmﬁgg I rragipr%{%nllr\]ﬁkéchem c Stroke, R
von Kumrer and T. Back eds., Springer, Berlin, 2006,
[001342] 23 s the volumee catin betweenfthatinfarctaegiona amdibe AM6A territory

rej r ef: 001 TqQ assji st,, stroke. .
can 58 ElQuRe TG SRl R 1t Fimpgged brain
imagenandtize BST1 ik imigeatisdudisr ha) eel 16t Aaketd#fa 8Rignostic
deternined. [00106] The brain inmages and atl as i mages

decigiopsydth BgEraseseaseand texibiliiva Fer gkamplarithis vefurae ratio may be
— O i 07] i C r. .
usedld predciahaBRe) Ao AGHAL) TP SuBBRisk i el eren
maysalsabewrseful dor stlidyidg snpe! gorhpliczitéd mfastBST keationship.
identified. If a structure or territory is only
within.the infarct or 1 on

I3 byt By B BB LD S8 ptatin may
be deBmiiged BY Sigual ﬁ@péﬁﬁorﬂr%?régkg\ﬁiblé,%ﬂwtélé%lﬁgﬁeﬁél Relusion

under st ood by persons skilled in the art, t ]
maydie idgsfitied by Vvisuel spastiomte kithey2B or BEhwprgsentation.fln dois

rogand, £ ARHSG AL PRt Sr TRRGAG rBR a0 GebprthE boBRdppan MRA
imagH, astmnplesuntiestdoal by personsrskilicddn ¢iee el Hbﬁdxéﬂﬂgl%d tHEMRA
| ineated infarct and penunbra regions. [O 108

. the d , ]
Imagfpayinepredraaniedie Predyas a8 raetiie pedelps theaeschlar model.

vari ous aspects such as view ng angles and zoom

[001HAF OF SDisPRYiRARAd FMrAbulh ﬂwé*ﬁﬂaggeg,siégit? fé}meir‘éﬁgérérimbosed

dynam cal 'y "nodi f1 ed, suc s disc adbove.
or nehaspsrigiposedamaydd advantagreousain some applicatioos. Bodexhmple, the

: ' [ i f. d., Ce ' i .on. of
dispfRy Al PR she B 300 P bR s ARDP o S BUR Heer-
contrligddizgRbastity may inseesedthethddupa@Nodf SgrREntatioh of MOk gions.

anal ysis, the transparency, color ‘or shading (such as
ip, 3D) of a particular inmage nay be varied. Certain

I . ( _
| [001351) or Bthg Sxemplary eralodimants desrribaddierplis de saptured brain
i r i i F ' 2 £ f .
madesThEy bo pRoMeTe Uk Sha & AR SRTRIGE ) L géhergted in
a shertpedpd oif tignedfos tipeiypskoke diagnpsid1T83t rEselts esowttsatoh an

Lculatiogn basgd on the superi nposed inmag b

exenidaft oo dstabegnos! UorgansumIBLBRSESS Fetenl T gf the pre-
existind brafh sEasesOWhitihseArle Sotlphatgd Within bBBUSH REELHIROR &g
. inmmge for convenient view ng. .
interactive editing of infarct and penumbra contours is performed.
[00116] As can be appreciated and discussed above, the superposition of
images as described herein can also facilitate quantification of certain aspects or

features of the images.

[00117] Other features, benefits and advantages of the embodiments
described herein not expressly mentioned above can be understood from this

description and the drawings by those skilled in the art.
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[00110] At S318, the final superinposed image may be
di spl ayed and the user may inspect the displ ayed
wG@apenssssdt ti on and revi ew any acconpanyi ng i nf BCTY8G2006/000357

[00118) Per TpeBoRtark f dholy sfetence éidtldjovesarerherebgircapporated

between the infarct and penunbra regions and the brain
hereig byuefaieeee.are vi sual i zed, and the brain structures

within the overlap region have been identified, stroke
[00148]39N0BrSolRse, e UBAG: ALl SBoafieHta LRt mteﬂ_élk&i to be

peri nposed i'mages a e user to check

ilustrativg onfycald intnareay liestirg dTBS Ueserikad emgdlrp@ntsme lsysceptible

to mas oAb SERE, FaPGERL s g el Ot BBBraton.
 The |ﬁ\%rmdho Pé/théﬁris bftef@ e td ah@inpadscHll Judihmodificatiah wgihin its

based he superi nposed brain i mages and the BST
scop%\ta&adefinmij@yth&\@am%%r may be able to make certain
di agnostic decisions with increased ease and
flexibility. For exanple, this volune ratio may be
used to predict henorrhagic transformation. The
superposition as described herein nmay al so be useful
for studying nore conplicated infarct-BST
rel ati onship. [00113] Certain conditions that are not
anenabl e to automatic cal cul ati on nay be determ ned by
vi sual inspection. For exanple, any site of bl ood
vessel occlusion may be identified by visua
i nspection, in either 2D or 3D representation. In this
regard, a 3D vascul ar nodel or vascular tree nay be
generated based on an MRA i nage, as can be understood
by persons skilled in the art. For exanple, the MRA
i mage may be segnented to produce a 3D geonetric nodel
as the vascul ar nodel. [00114] D splaying and
mani pul ati ng the images in 3D, either superinposed or
not superinposed, may be advantageous in sone
appl i cations. For exanple, the display and
mani pul ati on of the infarct and penunbra regions in 3D
with usercontroll ed transparency may increase the
accuracy of segnentation of the regions. [00115] In
the exenpl ary enbodi nents descri bed herein, the
captured brain jnmages nmay be processed quickly and a
superi nposed i nage may be generated in a short period
of time for timely stroke diagnosis. Test results show
that in an exenplary enbodi nent, the nost tine
consum ng process is the FTT of the pre existing brain
atl ases, which can be conpleted within about 5 seconds
if no
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interactive editing of infarct and penunbra contours

is perforned. [00116] As can be appreciated and
wale®cosserl above, the superposition of inmges BGT/SG2006/000357

descri bed herein can also facilitate quantification of

WHAJRIS eLAlMEDPeIS:s or features of the inmages. [001 17]
O her features, benefits and advantages of the

1. A RIEIR6d BEBASlyESRGWUraREthdtRs M palierf O StFske/diaBRbSIe vf daid

above can_bé understood fromthis description and the
padieahioeyPrsing:hose skilled in the art.[00118] The
contents of each reference cited above are hereby

| paSHUAAG 3 fdt h@é% of e brafresfsuie pali@ftdiifabl¥ for@eteenining
t he above descri bed enmbodi nents are intended to be

i infarst regipReobsRid bIAd; i n no way liniting. The
descri bed enbodi nents are susceptible to many
noapturiogta sgrongfinfagenef said hrajespitableffopdetesminieg apnymbra

and.ord of ration. The invention, rather, is

[ ﬁdgé%'ﬁxsegff’%dgggﬁmass all such nodification within its
sgope, .as def.i ped by. the. cl.ajns. T | MED IS 1.
Adfrmiing AndhtareLRbipad prap donpad 15 s of
stroke di agnosis of sajd tient, conprisjng: .
CABIITGO 2 RanbpbraegIoTu Saig DEAin Tiom SaiELseranstimase:
suitable for determ ning infarct regions of said
beairegisteiingsaic fird addsarendimgges o aaai0Klinate sysiambl e
for determ ning penunbra regions of said brain;
detappingpregexiatinghbraio atlas feges to saiddcaseuwinate sysiepataform

4 BR 5 CUAT g oo = 9o of sa
e SRS TGS s Sod BB 8 Bl i o

CQaiGr[SHti‘éﬂi-gpébfiﬁ& ®Paih Atha-imaBask if BhiSRe6kdindte ¥ydieh; and
atlas 1 nages; delineating said infarct region and said

SRS s AR Il At 8 0
sattes images.ng said first and second i nages, with said

patient-specific brain atlas inages.
2. The method of claim 1, comprising modifying delineation of said infarct region

and said penumbra region on said superimposed images.

3. The method of claim 1 or claim 2, comprising determining a degree of overlap
between one of said infarct and penumbra regions and a brain structure
depicted in said patient-specific brain atlas images.

4. The method of claim 3, wherein said determining a degree of overlap comprises

calculating a volume of said overlap.

5. The method of claim 4, wherein said determining a degree of overlap comprises
calculating a volume ratio between said volume of said overlap and a volume of
said brain structure.
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2. The method of claim 1, conprising nodifying
delineation of said infarct region and said penunbra
WO e@omeen sai d superinposed i mages. 3. The neptEGHN6/000357

6. ThelR&iRol &fcl&ihPs Neotnp Ry préeemng%tremnﬁﬁmm @rwcebram
overl ap between one of said infarct and penunb

struelyiroandzdeastiongiaf seid velumecolai ovatap And:saif volume ratio

tO%L&G&nt specific brain atlas imges. 4. The nethod of

3, wherein said determ ning a degree of overlap
conprises calculating a volune of said overlap. 5. The

7. Theahbthbdodf arlyeorme &f claines ¢ito 65 abmhpdeingridianiify@gdoraégssfetectures
of . over | gp co‘()rgi)l ses . cal.cul ati,ng a vo

in gaid Ratient-spgCt IR a(gl@s élg@geg |0é/ﬁrlgﬁdvn§1 §,%|plﬂp§ %f said
mfé?dt%nlarﬁrﬂm%r%%gwng 6. The nethod of claim 5,

conprising presenting an identification of said bral n
structure and at | east one of said volune of said

8. Th@\methml efranysenaioferime 1ta; whesein said pre-existing braipadias

mgpef RouRPet S Hidel e SRR Aes (e hafical

strugRge andhabloodesupply teirtitorys (BT oatiasoiinags depiofieg bloodrelipply
penunbra regions. 8 The nethod of any one of clains 1
tefrigores.wherein said pre-existing brain atlas i nages

conprise an anatony atlas inmage depicting at |east one

9. ﬂ%@%ﬂ{a&?ﬂ clsind HC\FvHéFeIﬁBQIdaBQT%@IGSSM%leXGép%té iat iafddle cerebral

as 1 mage depicting bl ood supply territories.
ariery WEA)ESMddnemodlmmpr&lngmelpaiaﬂnga wlege ratiohetvaagsaid

icts a dl rebral artery (MCA), said nethod
'nfgbﬁﬂ?g@f'rﬁf‘ 93‘(‘@?& ng a volune ratio between said
infarct region and said MCA. 10. The nmethod of claim

10. THe mefiedcebiclaimn @, ﬁﬁ@r@h lsakl B8Wgsiaddmiagedepicts édingldle cerebral
cerebral artery (MCA), said nethod conprisin

arteay SMICA)] AEOAMGWOUROMRISIRY BRICHIEDRO LY GlUme Bp betigRR said
ml%@%_ r@@fiﬁ_lﬁd errg toﬁ%@éﬁ??@t\ﬁ@érpsélﬂfi?ﬁ?#t réﬁ%ﬂn‘%ﬁhcﬁé‘&dmﬂ

any one o lto ,
wherein said first inmage conprises a diffusion i mge,
11. THEE2metha abampdne bf claihantite, 10 wéresein said firdiimpgesicomprises a

dngfu&gn ur'ngga di ffusi on wei ght ed

12. The method of claim 11, wherein said diffusion image is a diffusion weighted
imaging (DWI) image.

13.The method of any one of claims 1 to claim 12, wherein said determining said

infarct region comprises:

generating an apparent diffusion coefficient (ADC) map image from at least
two diffusion images;

determining a present infarct region from one of said diffusion images;

determining a prior infarct region from said one of said diffusion images and
said ADC map image; and

combining said present and prior infarct regions to form said infarct region.
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i mging (DW) image. 13. The nethod of any one of
claims 1 to claim12, wherein said determning said
W0 nfoansd632 egi on conpri ses: generating an apparBCr/SG2006/000357

14, Tﬁ’é Frféfﬁbc? Bf £8¢bhé ©F eRlimés AQE) 1 ITavhdremasaidl sedbrd irhags tomprises
ffusion inmages; det er mi'ni ng a present infarct

apeg‘ualnnﬂm@m?one of said diffusion imges; determ ning
a prior infarct region fromsaid one of said diffusion

TheREod Bf ofafth A4 il spRPEEA0H HAgEIC s BeriBidi-weighted

riof ions to form I nf ar

lM@hg)(P\M)mﬁ@ met hod of any one of claims 1 to 13,
wherei n said second i nage conprlses a perfu3|on i mage.

16. Tharingdfod SECBER darcls WhSRnatr s Rl pespa prdlygBra region
O;I:Iﬁ A& met hod of claim 14 or 15, wherein said
Per rri ni ng sai d penunbra region conprises: generating

" agpBrattg 2l 1S aneSo B PR ls A il Bl R flge, saic

f %@l@d&@ﬂetﬁem%idn ﬁ’nlaﬁﬁm(aF(EE)elecﬁ@d ﬁ’@frﬁiné@lnths‘tl tie (MTT),

(CBF), cerebral blood vo tine_to

g EErgbrahthféél@ML Gﬁ?@@hper(qh@hblo%yom@% (a%BV()JI tm:e :t(o pefk (TTP),
[ image and said at |ea
ﬁ@%ﬂi&%ﬂﬁ@ﬁt p&)ﬁ@ééq'%aﬁgs’detgrm ni ng an appar eﬁt

penunbr a

SeuPedirioRid it pe SR ReiEi HE B RhE b petsloifEp

NMHhBge; Md cl ai m 16, wherein said deternining said
penurrbra regi on conprises excluding fromsaid apparent

or A}ﬁg\geﬂi SPpABHt fYRAIhBIh Mdidh fidhfsdiasupefinpdae@perfusion

penunbra region. 18. The nmet hod of any one
oﬁmagalamsi shid at least ooerperfusion roaptmageg at | east one
addi tional image of said brain and superinposing said

17. TRE M&RSH oPBRIANS, WHagh émaetémmng abil pemghbrMgion
second 1 mages and said patient-specific brain atlas
comprises excluding from said apparent penumbra region any overlap with said

infract region to form said penumbra region.

18. The method of any one of claims 1 to 17, comprising capturing at least one
additional image of said brain and superimposing said at least one additional
image with said first and second images and said patient-specific brain atlas
images, said at least one additional image selected from gradient echo (GRE),
fast spin echo (FSE), magnetic resonance angiography (MRA), diffusion
weighted imaging (DWI), perfusion weighted imaging (PWI), and fluid-

attenuated inversion-recovery (FLAIR) images.

19. The method of any one of claims 1 to 18, wherein at least one of said first and

second images is a computerized tomography (CT) image.

20. The method of any one of claims 1 to 19, wherein each one of said images is

two-dimensional (2D) or three-dimensional (3D).
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I mages, said at |east one additional image sel ected
fromgradi ent echo (GRE), fast spin echo (FSE)
wora@nesses2 r esonance angi ogr aphy (MRA), di ff usi BOT/SG2006/000357
21. Awehghitecrdatabliengedionl storingrdonsputer exégltakle instrgitioms which,
(PW), and fluidattenuated in ersion-re%%%FrXH%FLAlR)
whegGeted byt CAPPHIR SH0RH SRS REMBLt| QiAoMY the faethod of
[ topone of said first and second i nages
aﬁgsgégﬁﬁ%ﬁ?éﬁﬁééﬁptoanraphy (CT) image. 20.The net hod
of any one of clainms 1 to 19, wherein each one of said
22. Aiconyriei conmpuisitd meprocessir ety computergeadablerivedivg, said

3D), 21. A uter r able nmedi u i .
c4rRbet Lot Bl SR R LS e B A icn,
whenRMEeltedaORid %dés@@ﬂw&vg't, shiel qrhpatentd perfomi fesin@thod
any one of plaing 1to 20. 22. A coanter cgnprising a
ofirrycere of claimas 4 tedfput er readabl e medi um  sai d
conmput er readabl e medi um storing conputer executable
23. The SRl TSI 22 oo Y B e R b P RERs Tdges.
of clains 1 to 20. 23. The conputer of claim 22,
conprising a display for displaying said inmages.
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