Detection and localization of -vascular occlusion from analogranhv data

Field of the invention 5The present invention relates to methods and

computer systems for detecting whether a patient suffers from an

occluded blood vessel, and in the case that occlusion is detected, to
WEANFAHIA2f the occlusion. Background of the invention 13 CT/8G2007/000292

Determination whether a blood vessel is occluded (i.e. blocked) or patent

(i.e. open), and, in the case of an occlusion being identified, localization of

this occlusiop, are, importantin the diggnosis and irealment ot va,

diseases. T AISO critical 1N acute SIToKe management. imaging 1s a

means to obtain this information Volumetric 15 angiographic data (that is,

a set gfidater inavhvehtielements of the data correspond to respective points

within a three-dimensional region) can be acquired with various imaging

techniques, such as magnetic resonance angiography (MRA), computed
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volumgg@%tg@,gjgg)%%g o%foog%%ggl&ghpartition the images into regions

which are the estimates of the positions of cerebral structures within the

image). For this .purpose, the Marching Cubes algorithm is typically used.

The wBatgpoaaediree@fivetxistrface segmentation and surface display is

tigge consuming, particularly, in acute stroke management. Alternatively,

the scan can be examined by using Maximum Intensity Projection 25

(MIP) BESTRHiD, Bk p PRIt eastdr 8osred tmLackthet pumA e open),
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and computer systemé or implementing the method. brain. Alternatively, ,
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In other waords, in both these techniques at least one mid-sagittal os)ition

s fourlTag IR (hre Bt TR Bt R JETePARARG HRERED computed
about thesergusitinisgraphy (CTA) or X-ray rotation angiography. Present techniques

for detecting occlusions involve a requirement to segment volumetric angiographic

X/
|

20  images (i.e. partition the images into regions which are the estimates of the positions
of cerebral structures within the image). For this .purpose, the Marching Cubes
algorithm is typically used. The whole procedure of iso-surface segmentation and
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 a 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 mi'd-sagittal pl;ne (MSP) ofa



A first specific expression of the invention is a method for detecting a
vascular occlusion from a set of angiographic data relating to the brain of

a patient, the method including: 10(i) locating the mid-sagittal plane within
the set of angiographic data; (i) mapping the an giographic data to a
weexistngatlas of blood supply territories, thereby obtaining-thecportiosn292
of the angiographic data corresponding to each of one or more blood
supply territories; (iit) for each ofthe blood supply territories,
evaluating the asymmetry of the 15corresponding portion of the
angiagraphicadatty ghaitdad idemtifiedrmidrspgitiakptanda; anted, ingda)i of
acqording ladhe.yal H@%@ﬁxmﬁw AkDs nertan.of.ihe angiodraplic
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s useddnsigailolai ypaleMBE d32 method-iandeleciing anascylar
occlusion from a set of angiographic data rélating to the brain of a patient,
the method including: (i) for each of a plurality of slices of the
andidysa piiiidatepriotating thespective. mdrsdgittéblitessting 2 (ilsanapping
thegngiographic data 10 prsseXising.aias ofHlod SUPPl.teitQtestmod

thelretf %Qtaining the portion of the angiographic data corresponding to

each’of 6ire or more blood supply territories; (iii) for each of the
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(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,

20
An alternative expression of this same concept, in the case that midsagittal lines are
used instead of a single MSP, is a method for detecting a vascular occlusion from a set
of angiographic data relating to the brain of a patient, the method including:

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

25  mid-sagittal lines;

(1i) mapping the angiographic data to a pre-existing atlas of blood supf;ly
territories, thereby obtaining the portion of the angiographic data corresponding to
each of one or more blood supply territories;

(iil) for eacb of the blood supply territonies, evaluating the asymmetry of the

30 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.



10

15

20

30

corresponding to one or more blood supply sub-territories. In this case, in
step (i), the asymmetry may be evaluated for each of the
sub-territories, and in step (iv) the 5presence of an occlusion may be
identified in any of the sub-territories. Preferred embodiments of the
Wi eI N3ke it possible to detect and localise an occlusioRGHTE{eAG 7/000292
segmentation of the vascular data. This processing is much faster than
the extraction of iso-surface and diéplaying it by means of the Marching
Cubes, 10which is critical in stroke management. In addition, this
detection can be done - automatically without the operator intervention,
which allows,forits, apnlication o Gempuier-Alded iaanosisieasdrasion
support systems. Note that the present approaciaf{s based onsféolg gwth
RETEGRITE i MR RCER SHAS BissH Rt ard s thiter i fies).
Step{hinprecedes: steiufid Thedrvehtion futtrpropodds Hsattnes an
orglysion is detectadinaportienof the-anglegsaphisdaacorresponding
to a blood territory, that portion of the angiographic data is displayed by a
three-dimensional imaging technique. This may be performed-by

. prefectingrtheipontiont did e amigiographicdsidcon iy srines [9erExaple
QI GRranal.@Nal Msagitel planas.Enkedimepiscedihe inatitadmay

use a pre-existing atlas of blood. supply territories, a I |Sti
KRR e e R R S S e,
quisintification) msdarappingr R aimadsiism SRR FARATESTH the
E&&Q&%ﬁ@ﬁ;ﬁiay@lﬁ% b Qgﬁkﬁﬂlémaﬂﬁwéﬁtﬁﬁmmmmmﬁsaﬁepphmﬁesslmay
e implemented, for example, in an a CAD system for use in
sffo Bﬁfé%%%s%%?éﬁ i%%gt}%r?%ﬁ%asﬁgg#gg%%%Note th{ﬂ all steps of the
method may be performed computationally, with substantially no operator
invely ement ke RyepHaNiSexpresREr, alithvbeassimetiogdstibardyn

AUiSIALYEY fe LXAIEIRECLARACOMALIY, SyStam uligh performs the
method, ¥ C

od, or as software which can'be run by a computer system to perform
the method. WO 2008/030192PCISG2007/000292

The invention further proposes that once an occlusion is detected in a portion of the
angiographic data corresponding to a blood territory, that portion of the angiographic
data is displayed by a three-dimensional imaging technique. This may be performed
by projecting the portion of the angiographic data onto planes, for example onto

coronal, axial or sagittal planes.

Embodiments of the method may use a pre-existing atlas of blood supply territories,
as well as existing algorithms for calculation of the midsagittal plane (MSP), for
asymmetry quantification, and mapping the atlas of blood supply territories to the

angiographic data.

The automatic detection and localisation process may be implemented, for example,
in an automated CAD system for nse 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 2s & 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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4 Brief description of the drawings An embodiment of the invention will
now be described for the sake of example only with reference to the
following figures, in which: 5Fig. 1 is a flow diagram of the main steps of
the embodiment;  Fig. 2 is a diagram of the sub-steps of a
woeproenssing step of the embodiment of Fig. 1;  Fig. 3 igaidiageantwte2
the sub-steps of an analysis step of;the embodiment of Fig. 1; and 10Fig.
4 is a. diagram of the sub-steps of an imaging step of the embodiment of
Flg 1. Detalled descrlptlon of the embodiment 15An embodiment of the
HERth oW be geseéribed with reference to Fig. 1. The embodiment
takes as |ts input, at step 1, a set of three-dimensional volumetric

300Gl WERNASRERSAEY H&%ﬁ%&%@&g Siiable ImAaging.

technl ue, such as magnetic resonance angiography (MRA), computed

PR BGToGRIIRE TR0 Fotation angiography 20 In step

10 thetnethod fpre-frgeessemiheauokipeti aagiagiaphic data prior to
their analysis aadlisyaizalion. Jihe Subsslsns.0lie e pipcessina:slep
10 are shown in Fig. 2. 25 The volumetric angiogaphic data typically

pﬂzﬁtslnot only the vessels but also other structures including scalp, skull
muscleEBigfatjsantgomeiathatbenres.of arfacilifsitesapalythisssotrignent of
ugnecegsary structures are eliminated by setting a suitable volume of
interest (VOI) (sub-step 11) and removing the voxels outside this volume
("croppig - SHBIATEE: P5 SR FE-FERs Qb EreRmsSa S P D ER e ding
ohithé. specific 30application. In particular, the Vol setting and data
cropping can be done as follows,

Detailed description of the embodiment

An embodiment of the invention will now be described with reference to Fig. 1. The
embodiment takes as its input, at step 1, a set of three-dimensional volumetric
angiographic data, which has been acquired with any suitable imaging technique, such
as rmagnetic resonance angiography (MRA\), computed tomography angiography

(CTA) or X~ray rotation angiography

In step 10, the method pre-processes 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 (VOI) (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.

w3

Propagate this ellipse across all axial slices within the selected range.
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1. Generate axial, coronal, and sagittal sections from the volumetric
angiographie data by orthogonal reformatting. 2. Select the ranee of the
axial sections and set an ellipse to encompass the brain. 3. Propagate this
ellipse across all axial slices within the selected range. WO

VO 28808802 92PCT/SG2007/000292 5 4. Crop the volume B FétoURG00292
the voxels located outside the ellipses, 5. For the resulting VOI, repeat the
steps 2-4 for the coronal and sagittal orientations (thus, the pair of

sub;steps 11 and 12 of Fig. 2 are performed three. ] _in. total), resulting
in tﬁe il %V@g%?naw%?]g’fls{f%%% x@%?’t%ae QS‘IV\} %:Egigl%?gegutput of
stes 1 Gotheenictegtt O3 aee VS P) stsrsaled| a8 dtif stysus- st 28 H
can be cemputadiny Usgianysexistng algerithmisridepas tedamed enokour

previous algorithms %1 21, &It n Q}/&Iy the technique can be further
10impr%%’%s(?’tls{?c%g10\fi%lge y’c%lcﬁ%ﬁ)r?g a midsagitial line for every slice. The
IVISP may be the starting location for this calculation..  Vessel occlusion

caysessthedack of blood flow which result§ in Iatt_aral asymmetry with
(ePEEBINEM 2] I05AlREIN O HRIN. Aia ?ﬂ%ﬁ?’i&%gﬁa@d

should be constrained to a given blood supply territory (BST), or |
SOEtEHIERY. 2thd 5TERS FRTBIEL YRS AR Far e Et iR PR
anglagraphycvolumesbyimnean (f ouiBSFistlasis] densighe stap 22futiesr
Balalas s suneripnased;on.he angiasTao i AR Bicusing any mefed

in particular our FTT [6] can be used. Tnen, asymmetry is identified

(SH SEHEBLI 52 HARITD "Bt &R 9B of several methods can be exploited to
measurddhis asyhmoetrprinspixtitadar gnelof fiopreviinis rrathots gl
4é§yr£Medjy 3,70 differaptM Srtipers found-fareachsigemnibassamerry study

[
asymmetry test (or tests) is performed for each slj ut the brain is .
IO TGPPGS e T BT T s SOker M 2

whéther there is an
0CGeHTsiGm snbatagivencte W@%GSSW@EQQWXW@?WW VteRh &8
deiget Anosclusiansapdihes Borthe.samedomaaskidiced tisieanphy data
o, iy TocthL” T R A R Al RS Bl fromenry
identified (sub-step 23). In sub-step 23 one of several methods can be exploited to
measure this asymmeiry, in particular one of our previous methods [3], 4, [0l Ea
different MS line is found for each slice, the same asymmém' test (or tests) is
performed for each slice, but the brain is divided differently into the hemisPhcres._:To
determine whether there is an occlusion in 2 given territory, it is possible to study the
whole volume to detect an occlusion; and fhen do the same for each slice (this can

enhance the occlusion detection and localize the occlusion more accurately.

The detailed steps are as follows:

1. Calculate the MSP (stb-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 lefi-right hemisphere asymmetry within the middle cerebral
artery (MCA,), including its penetrating and terminal branches. If necessary,
the MCA territory ¢an be further subdivided into sub-territories. ‘
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25 The detailed steps are as follows: 1. Calculate the IM.SP (sub-step
21). 2. Superimpose the BST atlas (sub-step 22). 3. Quantify the
left-right hemisphere asymmetry within the anterior cerebral 3C)artery
(ACA), including its penetrating and terminal branches: 11 necessary, the

W Adenbiory can be further subdivided into sub-territories. 2 &Lify/00e292

left-right hemisphere asymmetry witgin the:middle, cerebral artery (MCA),
including its penetrating and terminal branches. Ti necessary, the MCA
territory Can be further subdivided into sub-territories. WO

2008105 EB BT IS A B8 BETHRNTR hEFAPTGIY Fafiébhere
asymmetigynMiGia, threlpbsgetigeveratmalzadtenn{RCAIpthel U mgstsry, the
penetrafing @pddoRing HraBches Racessani IR RSA territory can be
further subdivided into sub-territories. 5Steps 4 to 6 of this list are shown

collectively as sub-step 23 in Fig. 3. Visualization (step 301 An optional
viSisan Zasiénishilinn ap thernrelrsifortnes seglewhmdesited, by a human
operator. Visualization proposed here allows exploration of the
angio E%RQX St%ta381 10 three dimensions without segmenting therm It
usestne XIMUmm intensity projection MIP) technique to generate HIP
vieWw SRl sisp T fsnedupea bursimm vaushR sl Qrm/rynan
appeoach Vijtaden dieobik vewsl(swh-sis:32in bhenb2Rodews Gan be
9%%E%%%AE}o%%%ﬁﬁﬁtégﬂm%%g&é‘{n@ﬁﬁa@é?@m'a”x&a{%‘i%lé‘x{si he Getailgd
steps may be the followirg:
(MIP) techmique to generate MIP views (sub-step 31), followed by a Quick Time
Virtual Reality (QTVR) approach [7] to view the MIP views (sub-step 32). The MSP
views can be generated in any direction with an arbitrary step. In particular, the
detailed steps may be the following:
l. Generate the MIP views ‘with a small angular step around the axis
perpendicular to the axial direction.
2. Generate the MIP views with a small angular step along the axis perpendicular
to the coronal direction. |
3. Genperate the MIP views with a small angular step along the axis perpendicular
to the sagittal direction.
4. Use the QT VR to browse the MIFP views in thiee-dimensions.
Steps 1 to 3 comrespond collectively 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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151. Generate the MI? views with a small angular step around the axi
perpendicular to the axial direction. 2. Generate the MIP views with a
small angular step along the axis perpendicular to the coronal direction.
3. Generate the MIP views with a small angular step along the axis
werpesdietiar 20to the sagittal direction. 4. Use the QT VR tBER w2 11980292
MEP view S in thtee-dimensions. Steps Ito 3 correspond collectively 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 detalil,
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a set of angiographic data relating to the brain of a patient, the niethod
OIS (IBeating e ibssagitian phhe Mmeins b ket sngivgiaphng to cach
data; Smapping the angiographie data to a pre-existing atlas of blood s
PPPPGSYED adrePBbigifiAt SHe portion of the angiographic data

corresponding to each of one or more blood supply territories; X
(iii) for each of the blood supply territories, evaluating the asymmetry of the

corresponding 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, detecting the presence of an

occlusion in any of the blood supply territories.

2. A method according to claim 1 in which step (ii) includes obtaining the portion
of the angiographic data corresponding to one or more blood supply sub- territories; in
step (ii1), 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.

3. A method according to claim 1 including a pre-processing step of cropping the
angiographic data to remove a part of the angiographic data which relates to locations

outside the brain of the patient.
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(iii) for each of the blood supply territories, evaluating the asymmetry of
the corresponding portion of the angiographic data about die

identifiedd-sagittal plane; 10and (iv) according to the evaluated MCSLLP

asymmetry of the portion of the angiographic data corresponding to each

blood supply territory, detecting the pres@nce of an occlusion in any of the

blood supply territories. 152.A method according to claim 1 in which step

(# 'inclubles: iodaminer dheegortioimot thkicngivgrabhidctiatzooorfespentisign within
to one or more blood supply sub- territories; in step (iii), the asymmetry is
evalwatdd e ahsipphtherdissiterthonesianel ihe i (hgranbipdsteneelgmding to
occlusion is identified in any oldie sub territories. 203.A method according
thetdileodinenpdingra fore-isrotesaing braploterdpppangi teldngivigeatshimique.

data to remove a part of the angiographic data which relates to locations

outside the brain of the patient. M Cs|. L P 9 4.A method according to

claim | which, upon the detection of an occhision within any of the blood

supply teringhed agseisbradn driRetdngidurhpriclistadavasiponimggmse

that blood supply territory is displayed by a three-dimensional imaging .
t(é"(‘ﬂhﬁl&]ﬁ%.’-@&%fﬁ%lﬁiﬁéwﬁﬂSlﬁ%flmiénpﬂojﬁ(wméﬂ)ﬁh@e corresponding portion of
three-dimensional imaging technique includes obtaining and displaying
FrEHRAIBRRIB TR BRSNS IYAISH of angiographic data onto one or

more planes. 6.A method for detecting a vascular occlusion from a set of
angiographic data 10relating to the brain of a patient, the method

igf:luding: method for detecting a vascular occlusion from a set of angiographic data
relating to the brain of a patient, the method including:

(i) for each of a plurality of slices of the angiographic data, locating respective
mid-sagittal lines;

(ii) mapping the angiographic data to a pre-existing atlas of blood supply
territories, thereby obtaining the portion of the angiographic data corresponding to each
of one or more blood supply territories;

(iii) 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.

7. A method according to claim 6 in which step (ii) includes obtaining the portion

of the angiographic data corresponding to one or more blood supply sub-territories; in



(i) for each of a plurality of slices of the angiographic data, locating
respective mid-sagittal lines; (i) mapping the angiographic data to a v
pre-existing atlas of blood supply territories, thereby obtaining the portion ~ MGSLLP
of the angiographic data corresponding to each 150f one or more blood
supply territories; (iii) for each of thelBlood supply territories,
evaluating the asymmetry of the corresponding portion of the
angiddiaphieagaanveitlyinseachislicklabumehthbtborespondmis sdendifiediep (iv) the
mid-sagittalan.d (iv) according to the evaluated asymmetry of the
poroncofothenangiogieiphicdzodties comespbidinghideasichienood supply
territory, detecting the presence of an occlusion in any of the blood supply
territories. 7.A method according to claim 6 in which step (ii) includes
obtaining the portion of the angiographic data corresponding to one or
nfere bléoaebppiycsatsitegritosiesn iATEdPA D Riew FREsthesasshetapng the
evaluated for each of the sub-territories; and in step) the presence elan

5 owdingewidadamiticrmoxsy opthel sbo aeginsrebic @iavhihsrl dechrdasgtions
to claim 6 'including a pre-processing step of cropping the 5angiographic
dattits ibmbraenapp Hie BrtsEtangiographic data which relates to locations
outside the brain of the patient. 9. A method according to claim 6 which,
upon the detection of an occlusion within any of the blood supply
territories, the portion of the angiographic data corresponding to 10that o
blood sdbplgthadifsaPTdiasHajamR Hhikbe snambrdlesalhaying occlusion within
tgg;l rcl)llg tL}Jnglood supply territories, the portion of the angiographic data corresponding to

10 that blood supply territory is displayed by a three-dimensional imaging technique.

10. A method according to claim 9 in which the three-dimensional imaging
technique includes obtaining and displaying projections of the corresponding portion of

angiographic data onto one or more planes.

15
11. 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 the mid-sagittal plane within the set of angiographic data;
20 (ii) map the angiographic data to a pre-existing atlas of blood supply territories,

thereby obtaining the portion of the angiographic data corresponding to each of one or

more blood supply territories;



10

15

20

10. A method according to claim 9 in which the three-dimensional imaging
technique includes obtaining and displaying projections of the

corresponding portion of angiographic data onto one or more planes. 15 MCSLLP
11. A computer system for detecting a vascular occlusion from a set of
angiographie data relating to the brain ot . patient, the computer system
including a processor arranged to: (i) locate the mid-sagittal plane within

the set GfianRfiGErAHIEaAROIG RPN s HHEIShGbYbh B Uateglry of the
pre-existing atlas of blood supply territories, thereby obtaining the portion
gothes BoRsitr R Pk oiibe sregssHissen bbs idest s lowgittal plane;
supply territories; MC SI_ 11 (iii) for each of the blood supply

t&bfltories, evaluate the asymmetry of the corresponding portion of the
angiographic data about the identified mid-sagittal plane; and

. , alp (v) .
accordifig t84HE EP8ItRtRY aHRIFLASY BYITRE HBHIBR SIS Ah s grapRigaphic
5data corresponding to each blood supply territory, output a signal
iHate AR TR & Rt Ripah S&@&Usﬁ?fﬁlfﬁf&n?/“é%% BBy %ﬁa&ve of the
territories. 12. A computer system according to claim 11 flirther having a
REPERF A 1B WP #AE e S Pt NtaRvE BFHE Bortion of the
angiographic data corresponding 10to each Hood supply territory for
which the presence of an occlusion is indicated by said output signal.

13. A computer system for detegting a vascular occlusion from.a set
pf tfé‘ﬁ'%

Of LFR )
attgiograptiPBAL RISRLAS S B 2 EHE TheR SRR HEPLPStaH for
including a processor 15arranged fo: | , ) ,

disp].ayi%g igﬁages representativeg 09 t%m portion of the angiographic data corresponding
to each blood supply territory for which the presence of an occlusion is indicated by

said output signal.

13. 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-signal lines;

(i) map the angiographic data to a pre-existing atlas of blood supply territories,
thereby obtaining the portion of the angiographic data corresponding to each of one or
more blood supply territories;

(iii) for each of the blood supply territories, evaluate the asymmetry of the
corresponding portion of the angiographic data within each slice about the

corresponding identified mid-sagittal lines; and



() locate, for each of a plurality of slices of the angiographie data,

respective mid-signal lines: (i) map the angiographic data to a
pre-existing atlas of blood supply territories, thereby obtaining the portion MCSLLP
of the angiographic data corresponding to each of one or 20more blood
supply territories; (iii) for each of thé%blood supply territories, evaluate
the asymmetry of the corresponding portion of the angiographic data .
within efith &licsdnoin the ColsspbatingIeEnafider PriloayrtahaRagioggphic
MCSUP  (iv) according to the evaluated asymmetry of the portion of the
Ao HARE &%&%@ﬁ%@@@é@ﬁ%wg&pﬁ i teprbrydsatpif the
signal indicative of the presence of an occlusion in any of the blood supply
terfseRRS 0532 K ABrute Ay StE e raHBNY KEIHY TS further having a
display unit for displaying images representive of the portion of the
angiographic data corresponding to each blood supply territory for which

the presence of an occlusion is indicated by said output signal, 1015.A
chinputé HRBYIERT ProiaicREsHiBhging KorWar&ihiERURBA bEiRg R HHY AT
computer system, causes the computer system to detect a vascular .
GEERISIBASTBIASE SEPETEREIOYT A1 Batdre ity 1R Sk satisAponding
by performing a method according to claim I. 1516.A computer program
prosRfdt emgﬁw@vgsﬁwa% whieich BB ISEIRESFUA BY SComBiEY @%‘ra&?ﬁ by
causes the computer system to detect a vascular occlusion from a set of
At ERta relating to die brain of a patient, by performing a

method according to claim 6.

15. 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 claim 1.

16. 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 claim 6.



