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A nmet hod of anal ysing stroke inmages Field of the
i nvention The present invention relates to a system

whaooonsonet hod and apparatus aspects, for anal BGI/6G2008/000303

brain scan i mages of a patient suspected of having a

stroke, particularly a systemwhich is of use in the
energency departnent (ED) of d hospital. Background of

the invention The speed and efficiency of patient

eval uati on are cA metteld dfariadysing strake enageency

departnent. The key questions to be answered are

whet her 1) a patient has suffered a stroke or not, and

Fel§ of WEINBhtigd the stoke is ischem c or henorrhagic.
Summary of the fTnvention The present invention ains to
ﬂ'hevpcasmt npvertioh uslatas toea heysteranchayng ensthod and apparatus
det er.m can whet her a pati suff

AR L ol YRR PO (BRefs tea FRvieht sEPoERaE daving a
stiake partivtilahy aysyeterrahibh 3 bprese n@'tﬁ?e eRfergésdyedEshrtment (ED)
and rrapped to a scan of a brain, and then the mapping
pEahws@italo determine the presence of a stroke.

Preferred enbodi nents of the invention provide an
accurate way of identifying strokes frompatient brain
Bagkqbahd dfsmrnv@an@ﬁ or MRl data), and one which is

rticul su table for use in ency.. .
%?uéf’?% he clepRy o @HE;F@@#?& 6%'051' factors in an
%}Bﬁi‘!};éﬁé d$B§rth1@HFnTﬁ@'Regﬁ¥ué§%oﬁ§%e§é%ﬂs@%][é"d B84 RMbther 1) a

ocessli ng bral n scan as an appar at us doi ng
patierair hass sufferedpusteoke poguoanarm dcecwhetheri2)dhe @tQkﬁalSelschemlc

or hemorrhagic.

Summary of the Invention

The present invention aims to provide a new and useful methods and systems

to determine from a scan whether a patient is suffering from a stroke.

In general terms the invention proposes that a plurality of brain atlases are co-
registered, and mapped to a scan of a brain, and then the mapping is used to

determine the presence of a stroke.

Preferred embodiments of the invention provide an accurate way of identifying
strokes from patient brain scan data (such as CT or MRI data), and one which is
particularly suitable for use in an emergency situation such as the emergency

department of a hospital.

The invention may be expressed as a method of processing brain scans, as an
apparatus for doing so, or as a computer program product storing software

operable by a computer system to perform the method.
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operabl e by a conputer systemto performthe
net hod. Bri ef description of the enbodi nents An

weniodsrwent of the invention will now be descrP@BESG2008000303

sake of exanple only, with reference to the
acconpanying drawings, in which: Fig. 1 is a flow

di agram of an enbodi nent of tRe invention; and Fig. 2
is a flow diagram of the decision tree used in one of
Brief despriptinn ¢fithe embdadimentsed descri pti on of the

A BesmaRt ob g ievarionilsaow S HghTbaghelor sake of example
%ﬁﬁp%t’ﬁﬁr%?erbﬁcé‘tdrﬁ{é‘é’&dﬁﬁb%l raMingSih WHiEst by any

conventional conputer system Tfor example a conputer
syst erlﬁISha1viSraJﬂ@wMweﬁsdramhmbbdimerdaﬂstbd inventioh| and

t he r |nsruct| s from
com. (TG % i T Ao Bt JhiiO ek i, Sh i e steps of
@ri.ng the instructions. The enbodi nent enpl oys three

input data sets which are respective brain atlases: -
an atlas of brain anatony 1 - an atlas of cerebral

‘D%?Qi}éoatﬁé’gc‘?igﬁoh g?ﬂﬁje éﬁmbeh--rr%géggf _blood supply

; ain atlases can be used

for this purpose, for instance the atlases devel oped

g%éﬁgl ST L@bgﬁgﬁ]{?%ﬂﬂgw} dgzggaerpﬁé %ﬁggﬁggﬁ fhd Xf the invention is
QHB\%WCFP%j erhBodinddnf St §t flRtHoPTwhibs ﬁﬁ?ogbnﬁﬂﬁorrﬁé& by any

the atlases 1, 2, 3 are nutually coregistered using
sapventional reproruienisystam, for exampieica CorOpHET systemabaving a

[D?(lcessgr which is caused to follow the method by reading operating

instructions from a computer program product, such as a recording medium

storing the instructions.

The embodiment employs three input data sets which are respective brain
atlases:

- an atlas of brain anatomy 1

- an atlas of cerebral vasculature 2

- and an atlas of blood supply territories 3.
Any existing brain atlases can be used for this purpose, for instance the atlases
developed in our lab [1][2][3][4]. The atlases are fully segmented and labelled,

and their 3D version constructed.

In a first step 4 of the embodiment, all the atlases 1, 2, 3 are mutually co-
registered using any existing techniques, for instance the FTT approach [5]. In
an alternative form of the method, the co-registration process is performed in
advance, and data representing the three atlases and their co-registration is
input to the computer system, for example on the computer program product

mentioned above.
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an alternative formof the nethod, the co-registration
process is performed in advance, and data representing

W@ @bk atl ases and their co-registration iBCT/BE08/000303

to the conputer system for exanple on the conputer

program product nentioned above. The other input to the

method is scan data 5 obtai ned by one or nore scans of

a particular patient. In a step 6, the skull and scalp

Jhevether aputityy ths hnethedk is searedatar Blobtained bg odvecor more scans of

rermved‘ fromthe scan. For this purpose, any existing
ulggRatignt sed, for instance that disclosed in [8]

[10]. In a step 7, the mdsagittal plane is extracted

fromthe scan. For this purpose, any existing nethod

tma stepidbie skull andsscaip astwell adianyl atbed ema{oe_‘retpra] objects are

In an alterpnative f

PRod Fo B 4. PR Tb R RHTEP RS, et IR can b used. for

ARk that afseRiSednh¢8]i[a0f.i ssure, step 7 is replaced

with a step of obtaining the mdsagittal lines for

each slice as calculated, for exanple in[ 1 1]. In a

¥ 8P5t@p 1M THkuabkK) BRkasi Shelchdl RLIARESSOl AHdild Burpose,

step are mappe can I'S pur pose any

exy sixistingmeieltioat! can bee useddforfinstanoes tthat disclogsel Tim |[6§5][7] In an
or, the statisti aI- proach [ 9 I n addition,
\ﬁk?maﬁ'g‘jeafa%ﬂ‘ r%ft g?‘i'ﬂb“é‘p ‘é’(ﬁ Oi"e"LLE]QMeS F&FYRacy| Raftipularly, for
U bR @%@P%E?f“&?@'f‘%ﬁ%ﬁ*‘ggm 5356, s D eniaPed jth a step
ofiobtainingelthe MSmttaishnmrﬂmrmyc@gsuqesas tdadculatedr ferl @xgmple in
#Eﬁ nmet hod described in [13] and [14] can be enpl oyed.

" mappi ng between the segnented and | abel |l ed brain

atl ases delineate regions of interest in the scan

data. Any set of regions of interests wth
In a step 8, the mutually co-registered atlases obtained in step 4 are mapped

into the scan. For this purpose any existing method can be used, for instance
the FTT [5] or the statistical-based approach [9]. In addition, warping against
ventricles can be used, particularly, for elder people with prominent vascular
dilation. For ventricular extraction, the method described in [12] can be used.
For atlas warping against the ventricles, the method described in [13] and [14]
can be employed. '

The mapping between the segmented and labelled brain atlases delineate
regions of interest in the scan data. Any set of regions of interests with
anatomical structures, vessels, and/or blood supply territories can be identified

and used for analysis in the following steps of the embodiment.

In a step 9, a series of tests 91, 92, 93 applied to the output of step 9, in order

to make reach a view in relation to the test. The decision tree is shown in Fig. 2.

When performing tests 91, 92, 93, all regions of interest identified using the

atlases, or any subset of them, are compared. The comparison can be done by
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anatom cal structures, vessels, and/or blood supply
territories can be identified and used for analysis in

w0 b@oOalordwi ng steps of the enbodinent. In a sPEPSG2008000303

series of tests 9 1, 92, 93 applied to the output of
step 9, in order to make reach a viewin relation to
the test. The decision tree i94 shown in Fig. 2. Wen
performng tests 9 1, 92, 93, all regions of interest

Iodmﬁanﬁg&ﬁ)rg;spbﬁd ingadextifieglaegions cgmmgseémgthealfeﬂtmm|ght
are conpare The conparl son can pe done arin
ﬁa."afgwpaew i€ 8Be tegnehar tor %nb{tgé%ép?r%'@mﬁegf the

ls8he paYLAti SkU/0h6 §%§¥|ﬁ§ thé‘fﬁe‘ﬁhﬁ?@lt% iohb o?mté’r@:@t foodata

one) or for any g\?ngup 0 egi ons o same patient
abtioed frpncoomealipagientse | denti fied regions of int er est
to data obtained fromnormal patients. The first test
9 1is to determ ne whether the image contains

Fhenfiet kst INEs f ABR IR m@manﬂhleownégj@bbﬁ@ir@agimmetry. The
various kinds, in particular, the nmean val ues an

sompesisan dean amplay statiglicshof omriguai kigdsalndariadar, the mean

tvﬁﬁ%g él?(? s?&%&brﬁg@%\ﬁ%% geg ggefﬁlaﬂ”ﬁ@g/aﬁ%ﬁ {héfbffor each
ahsrmabﬁere,s mmedesltaﬁnglalaéymhaétr;stif Ctheyt ediffer abyi Imttrbe than a
in SPSS e e advanced techni ques to ca

agegﬁﬁt@mee shicahald) es weDiAsneR S1ATSIA Sials]iCplepis vailale in
sPis e t 14] SM(ﬁélaJ\%ﬁEéa‘ge?ﬁﬂq@é‘s ?&'&QFP&Q né%/H?hétW%Sn also be

proces g techni ques to m nate certail nwant
fpplied mltfdlmgﬂtai{aﬂ]rm@]e. In particular, |Iow and high
intensity threshol ds can be set manually elimnating
certain image regions (i.e. the ones outside the range

E@éﬁ’!ﬂl@ﬁl tté‘ﬁfr@ tcahe 5BOEmbined Wilatimaryet rdr@d:e%%w@déé’r‘imques to

the skull can be renoved, optionally the inmges may
eliminate ¢ertain uawantesfeghires fronh therisaage: lorpaticdat, rl@wufmd high

FIBGHIY Pt S U5 R0 nsl R T 6884 bfons e
irELlbné BlitsidiBineg r”tpe[bdilveen these thresholds), so that ventricles and/or
the skull can be removed, optionally the images may be smoothed initially by
performing median or anisotropic smoothing, and then the statistical tests can
applied to the intensities within the defined range [19] [20] [21] [22] [23] [24] [25]
[26] [27]. In principle the smoothing step can be useful even if the thresholds

are not employed.

The scan is considered normal if all the corresponding regions tested produce
no significant difference. If any region varies significantly from that in the

contralateral hemisphere (or normal), the scan is considered abnormal.

The second test 92 is to determine whether the asymmetry is due to a stroke, or
instead to some other factor. There are several situations mimicking the stroke,
and additional acquisitions and human intervention may be necessary to

distinguish stroke from no stroke pathology [28], [29].
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[26] [27]. In principle the snoothing step can be
useful even if the thresholds are not enployed. The

waewn/s®7ronsi dered normal if all the correspoPdi/fG2008/000303

regions tested produce no significant difference. If

any region varies signifi cantlr% fromthat in the

contral ateral hem sphere (or rmal ), the scan is

consi dered abnormal. The second test 92 is to

Satbestepn@3 v disvemindtiora bgtwesrr ischemici@antichemstrhagie, saans. This

5 55 BRSSP n Bl BRHEBD 1 T scans

Wﬁéfd%rfsit?%r?éig h@ﬁimfbﬂayeewﬁ@t hﬁbnﬁ@)ﬁsﬂﬁwf&?@é@ﬁédﬁemla On
di stingui sh stroke from no stroke pat hol ogy HU%
é can further

[T@I}/lesmara &pis gelationsfiipds the reverss Heunedield Usuia

HR W 10 HREHFRTRRE fof Mol SoRMER SEREQ corresponds to

gy densi ty signal s henorrahage, while hypointensity
indicates ischema. On T2 MR scans, this relationship
is the reverse. Hounsfield Units (HU) can further be

S35 167 cisP R IR terf® AR, K Cn 00, e

results of step 9 are output. References 1. Now nski
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To. LA SRR RlRoIer oS MIAd oS, u R Reat Pale DY Eepationt

thelapparatusecarprisinGar progessor arestigeidda peoosm the stegshof:

JP, otta JC _Choi Wl f PA: Stroke; . .

Pai hoBTTURGATHgPP B SGIERE thes A AcaTrka Pl of co-registered

BeHih iafBges;Churchi | | Livingstone, 2004.Clainms 1. An

apparatus for identifying a stroke using brain scan

dat a Bfendifying aaduralihef meinnseefuistereshin terigan data using the co-
performthe steps of: formng a

ﬁéa(g%tlgﬁégooégﬁﬁv\égﬁ eatngcan data and a plurality of

co- r etgstihgr edlebbai moat | afSethe iddmtified y rexloras pbfurimterdst, thereby

of regions of interest in the scan data using the
EI?PQE)R@Q Breéﬁﬁ?‘hog?lsggg%; and testing one or nore of
the identified regions of interest, thereby
identifying the presence of a stroke. 2. An apparatus
aAccor Anngpparatiisaiaccardimg vhi clairnht inowhinh dheremdrdgistered brain
arl ases corrgrise one or .nore of: an atlas of brain
gq %st%s[ﬁpmpn € one or more of:
an atlas of brain anatomy;
an atlas of cerebral vasculature; and

an atlas of blood supply territories.

3. An apparatus according to claim 1 or claim 2 in which the processor is

arranged to co-register the brain atlases.

4, An apparatus according to claim 1, claim 2 or claim 3 in which said
testing comprises identifying whether an asymmetry exists between
corresponding regions of interest in different hemispheres of the brain, and if so

identify abnormality.

5. An apparatus according to claim 4 in which said testing further comprises

identifying the presence of a stroke.

6. An apparatus according to claim 5 in which said testing further comprises

identifying whether the stroke is ischemic or hemorrhagic.
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an atlas of cerebral vasculature; and an atl as of
bl ood supply territories. 3. An apparatus according to

wW@k@o3®7dr claim?2 in which the processor is BCT/8G2O81000303

to co-register the brain atlases. 4 . An apparatus

according to claiml1, claim2 or claim3 in which said

testing conprises identifyingl@hether an asymetry

exi sts between correspondi ng regions of interest in

@i f f erenbpparatsphecadirg td hay lpreceding rataint irs ovhiclkg npridryforming

abnormal jty. 5. An apBar at g_s accor di ng t?ﬂ claim4 in .

#AICMagRIng. the Or3ig scanthSHbEshiR ARISCESR M jrasing fae portions
RAen paratus according to

?Fgﬁ?ﬂgﬁlég{vh Pz‘%bsal dttgggﬁgﬁgléﬁ@'urther conpri ses

identifying whether the stroke is ischemc or

enorr.hagi c. 7. An_apparatus accordi ng,t.o any, .precedin .
o i PRRarats SheRBRRR g AP ErECkdng i B WhiBh icr f forming
SERINMappiitP] £ Hhidt sagittdl’ HIBRE Sis fktraRIdd, apkl Med-EAGittal glane being
portions of the image which represent background. 3.

HEed piieanapPingdyPeEessy to any preceding claimin

which, prior to form ng said mapping, a md-sagittal

plane is extracted, the md-sagittal plane being used

on t ha methudfpridestfsing & strékeesingdblain stae mlatd wf agpatient, the
strokg usi n_g_ brain scan data of a patient, the method

B¥Red §PMRTISING: ni ng a mappi ng bet ween the scan data

et (it lhdpBhgHenkEsh MELRH S8 ahEh RSHY, of copigoistered
beain atlases;usi ng t he coregi stered brain atlases; and

identifying a plurality of regions of interest in the scan data using the co-
registered brain atlases; and

testing one or more of the identified regions of interest, thereby

identifying the presence of a stroke.

10. A method according to claim 9 in which the co-registered brain atlases
comprise one or more of:

an atlas of brain anatomy;

an atlas of cerebral vasculature; and

an atlas of blood supply territories.

11. A method according to claim 9 or claim 10 further comprising co-

registering the brain atlases.

12. A method according to any of claims 9 to 11 in which said testing
comprises identifying whether an asymmetry exists between corresponding
regions of interest in different hemispheres of the brain, and if so identifying

abnormality
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testing one or nore of the identified regions of
interest, thereby identifying the presence of a

W@ 200ok&197310. A met hod according to claim9 in pi/eG2008e00303

co-regi stered brain atlases conprise one or nore of:
an atlas of brain anatony; an atlas of cerebral
vascul ature; and an atlas of blood supply territories.
11. A nmethod according to claim9 or claim10 further
d@onpr iAs methad aegordlirey tonglairmel diraiwhicht saidetestingd further comprises
gg%g.d agcordin to,any of clains 9 to 11 in which

Tylgg W%B“ﬁ@ﬁﬁ?Pgé i%f€nt i fyi ng whet her an
asynmetry exi sts between correspondi ng regi ons of
interest in different hem spheres of the brain, and if
44. i dénmietlyachgeetrdingntd claym313 i wihidhosaiddesting figrther comprises
claim.12 in whi.ch sajd.testing further, conprises
ARG gt aRe sk i REheR o BRABmEEER | 2Fh o
according to claim 13 in which said testing further
conprises identifying whether the stroke is ischemc )
dp. hefiometheg accordingAoramheliclate® Odprtt trowhish. erior forming said

; . . r . | .
Pl Bl b 1860 Aprd S BPFRUARAR gns of e
irhage whichorepredertt hackgmgadwhi ch represent backgr ound.

16. A nethod according to any of clains 9 to 15 in

which, prior to form ng said mapping, a md-sagittal

Rbane Al mefidd acé&iding RE afy b Ssihid 8! toPI L WP Drit*&8 forming
in sald step of formng said mappi ng.

said mapping, a mid-sagittal plane is extracted, the mid-sagittal plane being

used in said step of forming said mapping.



