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relates to nethods and conputer_ systens for detecting
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| ocalization of this occlusion, are inportant in the

di agnosis and treatnent of vascul ar diseases. This is
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res hy._(MRA), conputed tonography

angﬁ%%?%%ﬁ%P%%%%TyJinﬁ-ray rotation angi ography.
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surface display is time consuming, particularly, in acute stroke management.

Alternatively, the scan can be examined by using Maximum Intensity Projection
25 (MIP) display. MIP, as a 2D projection of 2 3D volume does not contain full

information.

Summary of the invention

30 . The present invention aims to provide a new and useful method to detect and localize

an occlusion, and computer systems for implementing the method.

In general terms, the invention proposes detecting occlusions by an asymmetry

measurement of a set of angiographic data around the mid-sagittal plane (MSP) of



brain. Alternatively, particularly if the
i nter-hem spheric fissure is curved, instead of using

wo b@siBR2 it nay be better to obtain a differe,tT/SG2007/000292

10

15

20

30

m d-sagittal Iine for each slice, and detect

occl usions by determi ning the asymmetry around these

Iines In other words, in both these techni ques at
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any_ of t he bl ood supply territories. 20 An alternative
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is a ngat)hodaal for d?et ect f%ﬁgqevascu 1ar ot(]:% usi fMg ©

s E¢rrespAnding gpsigh aphHicangiagrapitie date eyt the iddneifind andwsagfttabplane;

patd ent, .the nmethod including: (i) for each of a

pl urali ty of slices of the angi ographic data, |ocating
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nore bl ood supply territories; (iii) for each of the

bl ood supply territories, eval uat i ng the asymretry of
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(ii) mapping the angiographic data to a pre-existing atlas of blood supﬁly
territories, thereby obtaining the portion of the angiographic data corresponding to
each of one or more blood supply territories;

(iii) for eactl of the blood supply territories, evaluating the asymmetry of the
corresponding portion of the angiographic.data within each slice about the
corresponding identified mid-sagittal lines; and

(iv) according to the evaluated asymmetry of the portion of the angiographic
data corresponding to each blood supply territory, detecting the presence of an

occlusion in any of theblood supply territories.
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occlusion in any of the blood supply territories. WO

2008/ 030192 PCT/ SG2007/000292 3 In either case, step
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angi ographi c data corresponding to one or nore bl ood

supply sub-territories. I3 this case, in step (iii),
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B e
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angiographic data.

The automatic detection and localisation process may be implemented, for example,
in an automated CAD system for use in stroke diagnosis, predication and treatment.
Note that all steps of the method may be performed computationally, with
substantially no operator involvement. The invention is expressed above as a method,
but may alternatively be expressed as a computer system which performs the method,

or as software which can be run by a computer system to perform the method.
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Brief description of the drawi ngs An enbodi ment of the
i nvention will now be described for the sake of

wez@spsEIonly wth reference to the foll ow ngPET/§G200%000292

in which: 5 Fig. 1is a flow diagramof the nmain steps
of the enbodinent; Fig. 2 is a diagramof the
sub-steps of a pre-processing step of the enbodi nent
Bk debiptids ofthQdraidss @ di agram of the sub-steps of an
anal ysis step of the enbodinent of Fig. 1; and 10
Fig. 4 is a diagram of the sub-steps of an inaging

© ASe8PBo@hehNg ﬂ?e;m%qxh%@/ﬁl Rw bE H&f%ge/&d\n f%%gg%g? A ex

description of the enbodi nent nentmopfle?[ﬁ%
with yefprenasrio thelfpllovang Bevreeircwiishd with reference to Fig.
. The 1 ﬁ'&%@d ﬂgé}am%§bﬁﬁna§1§ ﬂe%ioftﬂ@é&bod%en‘?‘t ep .1’ a
set of three-di rensional volunetric angl ogr aphi c

dat abigwhis eltlidgaasn belba subetrnisradd pig-processing step ditbe embodiment
of8RYI.ng technique, such as magnetic resonance

angi ography (NM A), conputed tonography angi ogr aphy

( CTAF1g07 isX-dizgyamn of tht bubrstersgifagmagiyts 26 dfnhesdretpdifient bhe
F[getlhé)nq pre-processes the volunetric angi ographic data
prior to their analysis and visualization. The

Sub- Bigeps acfiagrire opthe syir-aeeSEi aAgma giep st ofrheesbliiert Bf
Flij . 2. 25 The volunetric angi ographic data typically
d*e‘gi cts not only the vessels but al so other

structures including scalp, skull, nuscles, fat, and

one.qt her bones. To facilitate analysis, sone
@%@?MM@%e elinminated by setting a
suitable volunme of interest (VO) (sub-step 11), and
removi ng the voxels outside this _volunme ("crop in?" -
A\ PR ent of the Jqygnigpm Will apwiRe desqritied withyafprapcevigyig, 1 The
RRERME @R s kb Bipi) 8iCkdpl 1€ 2 30: GRRL-BRLdnGBnal YBumetric
particular, the VO setting and data croppi ng can be
HSRERRC AHR| WBNRR hap beercargpisedewik pay suitelde bpaging teahgique, such
Sagichal . N : Coar ic
S S (MY PRl Lo Ry
G4 ReXaRy witatva epgiogrePind set an el | i pse to enconpass
the brain. 3. Propagate this ellipse across all axial
slices wwthin the selected range. WO 2008/ 030192
IpGEP 362D MEBOQO 2G2progesses the volumetric angiographic data prior to their

analysis and visualization. The sub-steps of the pre-processing step 10 are shown in
Fig. 2.

The volumetric angiographic data typically depicts not only the vessels but also other
structures ‘including scalp, skull, muscles, fat, and some other bones. To facilitate
analysis, some unnecessary structures are eliminated by setting a suitable volume of
interest (V.OI) (sub-step 11), and removing the voxels outside this volume (“cropping"
— sub-step 12). The VOI can be set in several ways, depending on the specific
application. In particular, the VOI setting and data cropping can be done as follows:

1. Generate axial, coronal, and sagittal sections from the volumetric angiographic

data by orthogonal reformatting.

!\)

Select the range of the axial sections and set an ellipse to encompass the brain.

3. Propagate this ellipse across all axial slices within the selected range.
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4. Crop the volunme by renoving the voxels |ocated
outside the ellipses. 5. For the resulting VO, repeat

wo bh@sssEps 2-4 for the coronal and sagittal PCT/SG2007/000292

orientations (thus, the pg%r of sub-steps 11 and 12 of
Fig. 2 are perforned thre times in total), resulting
inthe final VOL 5 Analysis (step 201 For the VO

\(Mu Cbmﬁnetdaﬁm%y%&oﬁﬁa st e«exemocat@@om& dadiibial pl ane

I's calculated first (su -stg& . It can be
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part bﬁéﬁlca%ns @R, RS pRUr sPY-ShOUSarRAl 19QF Ffohﬂﬁrc[pla}fomﬂe%]thrce
Al ternati vel the technlgue can be further

i npr werindotalbaesiting inihe SalciPht i ng a mi dsaD teal line
for every slice. The MSP may be the starting |ocation
for this calculation. Vessel occlusion causes the | ack
Aytaltslsdgied 2 ow whi ch results in lateral asymetry with

R HRAFS \Llﬁcﬁ e EJh fsté O Akl sggngigﬁ H%MQ@} istcicStated
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mmwsd elp:e—z@se ltm@lcslsﬂmm mnigsagigalding Eorienpro Sbet- he MSE may be

&0 o ch&ﬂ d(;ng any nethod; in particul ar
our T e use Then, asymetry is

i dentVdsseédw(:lsubn stﬂ@ps ples) 1aCLn0fsbb0@tfe}w Xdichntesyifs in lateral
gsgrv ﬁ(eajer w[ﬁtrpsﬁgcﬁ lélﬁﬁ%’a% HB&{]& g}e ReiudlGE St %s;&ﬁ %g dsstudy

r one O our reV| ous net

Ffﬁiuld kEt=>4<]0n'stlfaﬁlied t4> fa %Vemlmdfshgplsrttmmy KIBWé prssubeigmigory.oFbe
sl i.c t e r t

E§?§ or sub ’c%ntgne%)agr%%% | oy ut{i:g 01§ zrxé}l;z?rnvolugic‘e & Vmgzﬁ'xa of our

BSff faelnse[lil [y sibAdtep 22 el RSH glak ér @perimiposediet Ge mhgiegraphy data

ether ther.e |s an..occl usi i [i it
PRSHAE ot AP B AUOTR P T, 197 o B, TRE ) s
mhﬁm (@mb-stq_:n 3t Eresubelane;t Meomsaofessvanl meibbdsstande gxploitsd to
can ance t he .occl.usi on d tection and.,l [
it B o8 TP PO S et RpE AR AP B 0%
aEffefrﬂitll‘lDS\ﬂme lis f@aidcidraﬂaeh slive, NBPs{nsu b&yﬁtntqu'ymst (0B tests) is
Superi mpose the BST. .atl as. (suh- ant. f
RS RO et i o PR s e SRRy feftbhert. To
aretee:nine whelérehdara bs anBﬁcmmlemya EAENerTitdrgclt ischongible s study the
t|n nd term.nal branch | f negcess ar
et B i G Pe AR R R ot ot PR see (bl Ban
deihaﬂcéﬂﬂo&@ﬁdnﬁﬁdcteéﬁor@iﬁnbdaﬁye thé ecdhefdn-nidrg Rdcutresly.sphere
asymetry within the mddle cerebral

The detailed steps are as follows:

1. Calculate the MSP (sub-step 21).

2. Superimpose the BST atlas (sub-step 22).

3. Quantify the left-right hemisphere asymmetry within the anterior cerebral
artery (ACA), including its penetrating and terminal branches. If necessary,
the ACA territory can be further subdivided into sub-territories.

4. Quantify the left-right hemisphere asymmetry within the middle cerebral
artery (MCA)), including its penetraiing and terminal branches. If necessary,
the MCA territory ¢an be further subdivided into sub-territories. '
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wo moosles0195ubdi vi ded into sub-territories.

artery (MCA), including its penetrating and term nal
branches. |f necessary, the MCA territory can be

2008/ 030192 PCT/ S&Q2007/ 000292 6 5. Quant ify the
| eft-right hem sphere asymretry within the posterior
cerebral artery (PCA), including its penetrating and

t es mQualtifpiha mﬁhﬁgnt hétnispRGE SS@inbrytwifhin BEHodiSidr Ic&@wrm
can be fr%&g s bdi.vided into sub-territories.

St ep<THY uﬁﬁcéts PPRefTatippand izrping Bralll@t@ﬁuléewyssa@, the
Sub- PBPerfory BanfeTurtiter subdi vt ibbahb-2Rribstep 30) An
optional visualization step may then be perforned,

e.g. when desired. by a human operator. Visualization
PEBLOB GAf MENIRE &t kW @XBEREB!ds fb-abp 88 |mAg ogr aphy
data in 10 three di nensions w thout segnenting them
It uses the maximumintensity projection (MP)

- VRG4zh std enerate MP views (sub-step 31),

foIIovvedb Quick Time Virtual Reality (QTVR

’é’bﬁ? V‘T‘?]izaf%n Yrmay Men mempetpers. ¢-5 u@@t@p’m‘sﬁ)}' a hppyan
PrtorV VRWSiz SRR

B T oy AR R ARDRR O, BTSSR, PR B0 in

'ﬁ‘&‘-‘;‘? dyaensipes W&S‘l‘qué\?ﬁ%ﬁ&nﬂ%thim tenesrthe @apﬁélmnnnwt}emecnon

wteh @nsgRl o anelatms tv?egvsa(sw E}g% Bhe f@ﬂ%ﬁed Wer agmck Elme

erpendi cular to the axial direction.
A Ry (QIIVR) arerpeabl [Thisgiews FheSMB’lea‘{V%) fsgbisthe 33X Tge MSP
ﬁl@fvp %Ekg b€ YhRfated & Wdﬁ&h@ﬂ avlllﬂfj!aﬁ %ﬁ:ﬁﬂré}g stﬁ% %E\ﬁgre the
views with d small angular st ong -1 axi's
ﬁ%‘i"{?@ﬁftﬁf’%y&?@m?@upwlqghe sagl ttal direction. 4. Use
LNe. Fendtel heDRAIBS Gici1C MoV bENP b8 IIIIRD SO NS
Steps 1 to 3 correspond coIIectlve y to sub-step 31 Tn
Fi g. Breadignlastehesxicbdirasiponds to sub-step 32. 25
Al bhagghrRhdvEe Sl LS & nt.lo
been desgrl bed |r§1ledg%(§t|h%,rggqgnan’§/ va?% a{ogﬁr%e%feg)eendﬁaga
wi t hi A thetegronalgiectish- t he i nvention as defined in the

cl a r@en@x%te\%é lkﬂlngeglls asﬁl aﬁjﬂlgrl sfe al ea ee{)msgp)%r (e::{lcfacular

exanpl e, the order o?ﬁﬁl e p3S nee
as glﬁ@éhﬁsa%@ﬂdﬂewnl?eferences 1. Hu Q Novm nski W.:

Vet o0 AR U L BTG AYIIELLY 11 2D

and 3D i m I nt er national Cat N er
PEps gm%zqogg@@gd cdBctivaly to sub-step 31 in Fig. 5, and step 4 corresponds to

sub-step 32.

Although only a single embodiment of the invention has been described in detail,
many variations may be made within the scope of the invention as defined in the

claims as will be clear to a skilled reader. For example, the order of the steps need not

be exactly as given above.
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for detecting a vascul ar ogclusion froma set of
angi ographic data relating to the brain of a patient,
the method including: 5 (i) locating the m d-sagittal
e wthin the set of angiographic data; (ii)
mappi ng the angi ographic data to a pre-existing atl as
of blood supply territories, thereby obtaining the
Loor t faetherd fordetasting ovasapt esclisivn frowrarsesyengipgrgpltio data
12208 1Ofhe BRfn O 2 PIRER, tg!e QR T YRRl er ritories; (iii)
for each of the blood supply territories, evaluating
t he @slpeatiag the maid-segitial pige gdthinethe st df mgiqgoaphicaiatapt t he
angi .G : I dent i fi 1. 6- I tt.al
pl ar]gl;g Eﬁgﬂg” Eﬁli\%n glg%c?' r %fléﬁ‘g?‘% %&t%%%isgeﬁ\ﬁgaglﬁ %’dg‘%‘f %I?}gt ry
. ILoFiffe s TRDY obtAlngfe thhporaergdithe anziveraphitaiat conespesfinndi ng
ek o B ordh0Y BURRleYy kfidihd;0T V. detecting the presence
of an occlusion imany of the blood supply
t er r {ior eash of the blooA sypplshtedithiss, detuediy thg asymnasy of tie

i set . [ i c.data, relati to
g R e S S i T e e
apdch of a plurality of slices of the angi ographic
dat a; ' 11 i d-sagittal ljines; .20 (ii)
rappl i e Reb e HESPRERLA S el 38 bhon o} BF Risicetbie
deta chirerpandingiolepch bleed supply itersifory, eteethy tiedyiredendend ah he
R4k -g'mojg ﬁ%of&gb%ggis F};atghjtgﬂ%at a corresponding to

0 00

each o € Or nore Supply territories; (iii)
for each of the blood supply territories, evaluating

t he f the correspondinng portjion of th
Zangi Sgran oY geing TR SRRF e L0t Siedraphe cac
relanggs periciingf b daeivni, ficacktimdindaghg:t al |ines; and (iv)
accor.ding_to .t h val uat ed metry of the portion of
the & 2 Eﬁr %a‘%ha"é Rifc gL gg‘%sr ?@E%%“ﬁbqv mF&a@QSFFP“BE gopectve
midfspgiyglﬂiaaspi tory, detecting the presence of an
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territories, thereby obtaining the portion of the angiographic data corresponding to

each of one or more blood supply territories; .

(iif) for each of the blood supply territories, evaluating the asymmetry of the
corresponding portion of the angiographic data within each slice about the
corresponding identified mid-sagittal lines; and

(iv) according to the evaluated asymmetry of the portion of the angiographic
data corresponding to each blood supply territory, detecting the presence of an

occlusion in any of the blood supply territories.

)

3. A method according to claim 1 or claim 2 in which step (ii) includes obtaining
the portion of the angiographic data corresponding to one or more blood supply sub-
territories; in step (1ii), the asymmetry is evaluated for each of the sub-territories; and

in step (iv) the presence of an occlusion is identified in any of the sub-territories.
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3. A nethod according to claiml1l or claim2 in which
step (ii) includes obtaining the portion of the

war@sogriaphi c data corresponding to one or norkCHEGemH7/000292

supply sub- territories; ig step (iii), the asymetry
Is evaluated for each of the sub-territories; and in
step (iv) the presence of an occlusion is identified
in any of the sub-territories. WO 2008/ 030192

PCT/ SG2007/ 000292 9 4. A nmethod according to any
precedi ng claimincluding a pre-processing step of

4cr oppimpghadirecaadigi bramapikcedidg thir mcheinyacpre-praessing ftep be

i 0 i ' to.locations t side
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- di.nensi| .. 10 inmagi ng techni que. A et hod
g e R
detarggiresgondirrth rikag biwod nupiplydesitalytiadispingdaRd, thiiesHnasnkiogal
. | ecli ons of the corresponding portion of
l%%%#%%&%%ﬁ?b data onto one or nore planes. 15 7. A
conputer systemfor detecting a vascul ar occl usion

romea set. of .angi ographic. data relating tq.the brain
o o paries oot SREE t <aRHE ffr g gmosins
tpnhoites Soludas dbetigjeg atdaiispldyingd moRt@ors be theicom&paididBortion
(ELng gﬁﬁyﬁq t he set of gggiographic data; 20 (i1)
Napr the Ahgrodtraphi € T8t B4 a pre-existing atlas of
bl ood supply territories, thereby obtaining the

orti,on of the angiqgraphi c data cqorrespondi ng to each
7gf oA BP U PS5} ’%6 83515335 By af%ﬁﬁﬁf PRSI SromaSeol f o
aagiofrapiiic tite rddi@do 81 PRy oft £pdtichO fHe@Bmpo¥AdyERnandiitng 2

asymmetry of the corresponding portion of the
Pé%%i”’%?%%ﬁ?‘[:mdata about the identified md-sagittal

pl ang) loc@b tindid(da¥itaiBiaR i tHeQet P @n QY SLMAL 82
asyngﬁtr &f t he rtion of the angiographic data
corr ‘é)p‘_B%’d: hg g osd hdat B GPreGhisHae ates pf Rleedsuppilit put a
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a f the blqod supply territories. 30 8. conput er
%@%?@ﬁ?F%Fmﬁgﬁg%i?ﬁ@W€“V§§€ﬁIar occl usion from a set

of  gnYF@escdTithe 6l88Esubaly MriRfick Cvhiiste M- PnPbirPor the
a

r—1

gatien,, t he conpute[ system i ncl udin
orresponding portion of the angiographic data about the identified mid-sagittal plane,

and
(iv) according to the evaluated asymmetry of the portion of the angiographic
data corresponding to each blood supply territory, output a signal indicative of the

presence of an occlusion in any of the blood supply territories.

8. A computer system for detecting a vascular occlusion from a set of
angiographic data relating to the brain of a patient, the computer system including a

processor arranged to:

(1) locate, for each of a plurality of slices of the angiographic data, respective

mid-sagittal lines;
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processor arranged to: (i) locate, for each of a
plurality of slices of the angi ographic data,

wo e@podtipye mnmd-sagittal Iines; WO 2008/ 03019PCT/SG2007/000292

PCT/ S&007/ 000292 10 (ii) map the angi ob aphic data
to a pre-existing atlas ofo bl ood supply territories,
t hereby obtaining the portion of the angi ographic data
corresponding to each of one or nore blood supply
t er fil) mop iteesAnglographicidgie tea ere-ofstig atley duPos §ppaly

telrriﬁ:rrireé, 'ih%fe}bg %btaﬁ:\ﬁ?tl tﬂ@%@m&?@f l%e Xﬁ't'q@% iOhath Q@rresfhndmv to

correéspondi ng port dﬁgTographlc data wthin
caglacflons bi mere dbwdtsupiie termioneses pondi ng i denti fi ed

I t&&@

evaﬁﬁggééC%éﬁﬁ%£$$§‘%ﬁ8¥&xx%nggggﬁg%?aFﬁe angpbgraphlc
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cout éPa S| hqp%' hve 05 the presence of an
cﬁ? Y bﬁh? ﬁ?‘ SPEFRANET 884 supply territories. 10
9.  Aiveasepidixef to sgesdve]mad exyhcthary ctfahecﬂ)c&nm of tioy anglograpii8
further ha unit for dis n es
A PESIHRRE /B PoER ST ot e SR BTN iat a
PREIELST R BeHIfGor @ aagzxehthb bloed ssppbypleyritbesst i t ory for which
t he presence of an occlusion is indicated by said

out put signal. 15 10. A conputer program product
9CONPK eShfBersOéttmareoriil Ghtiaithoost dMamMfuite: Hayin@a display
conput er system causes the conp uter systemto getect
U (5 GTIFHRS BRAEEh SPBROTH B P56 QBRI FGPSGFABHT E2Yat a
cBﬁJ:sg&ﬂd.{h% b Qachlﬁv?o&rsﬁbﬁly efriBriPRE Walkh thdPrefRBEd FabliGusion is

according to any of claims 1 to 6. 20
indicated by said output signal.

10. A computer program product comprising software which, upon being run by a
computer system, causes the computer system to detect a vascular occlusion from a

set of angiographic data relating to the brain of a patient, by performing a method

according to any of claims 1 to 6.



