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Met hod for identifying a pathol ogical region of a
scan, such as an ischem c stroke region of an MRl scan
wWoRed08/06976E t 0 Rel ated Application This appli caP@DRG2®7/000416
related to our U.S. Provisional Patent Application
nunber 60/87301 9 the contents of which are hereby
i ncorporated herein by reference as if disclosed
herein in their entirety. Téchnical Field The present
invention relates to a nmethod for identifying within a
Mathod forfidéhifying iagathoteiiab regidihef ssscan, suely abhan isthemmiy stroke
kind in which there is difference of intensity between
normal and pat hol ogi ¢gdiofh 604ONRI skdn particul arly
relates to a nethod for identifying brain scan slices
that may include an acute ischem c stroke region, a
met hod for distinguishing a brain hem sphere havi ng
the str reqgign, ..and systens and software for
R s t(%&ﬂ@%?ﬂggs_ Background An infarct is an
area_ of tissue which _undergoes crosjs.as.a result
Thipanphigetiqng relptes et WP olre mrgﬁ.‘m t %W%O%?%ﬁ%s@%”l 9
are caused by infarction. Followi ng an acute ischemc |
the ¢ordénds obwiich afednhiyfinguboratedSRIaimBY FHfpiRes wdf disFloRed herein
region is critical to patient outcone. It is known to
in Bedif epidet@. magneti c resonance (MR) techni que known as
di ffusi on-weighted inmaging (DW) to forman i mage of a
regi on thought to include a stroke region. The DW
generates a whol e vol unme scan consi sting of a

T&i iﬁ{:alﬁi&& of scans slices including the suspected
: € Tegi on. Automatic conmputerized stroke region
’I’ﬂedpergstelntf ilnggrgt{o%r}elta%% tgcl;l a e Sodr}%%/ %egﬁ&‘hﬁﬁﬁﬂ%%@an, a pathological

region. The scan may be of any kind in which there is difference of intensity between

normal and pathological regions. It particularly relates to a method for identifying brain
scan slices that may include an acute ischemic stroke region, a method for
distinguishing a brain hemisphere having the stroke region, and systems and software

for performing the methods.

Background

An infarct is an area of tissue which undergoes necrosis as a result of obstruction of
local blood supply. Ischemic strokes are caused by infarction. Following an acute
ischemic stroke, swift identification of the infarcted/stroke region is critical to patient
outcome. It is known to perform a magnetic resonance (MR) technique known as
diffusion-weighted imaging (DWT) to form an image of a region thought to include a
stroke region. The DWT generates a whole volume scan consisting of a plurality of

scans slices including the suspected stroke region.
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ai med at reduci ng detection and analysis tinme conpared
to manual data processing by an expert, which may
wo eoosler76be subj ect to human error and obser vePChB@®07/000416
Literature describes many conputerized segnentation
techni ques ained at reducing total tine required for
stroke segnentation. For exanple, Martel et al.,
M CCAl, 1679, 22-31, 1999 used a seni-automatic nethod
to determ ne infarct volunme by diffusion tensor- M
An adaptive threshold al gorithmincorporating a
spatial constraint was used to segnent the inmages. Li

ABbmatic corhfitbPiddReBke fogionliaéhfifitailéh tediduadmapebesh moposed,
unsupervi'sed segnentation nmethod using multi-scale

airﬁg@%ﬂ. ré&ﬂc?r?%d&é&ﬁ)ﬁ%a%? ‘ﬁagzlﬁl.}r?Q tifha @o?xgﬁfeh% m4Rhal %taVIS}ESérég sing by

reclassi at1on usi on nsor MR i nmages.

further .reduc he.ti t.aken 0cas . i
onieS e ST G Y e b cwent L BRan RO UaR T e P i erake

studi ed before perform ng actual. segnentatiqn.of the.
desgribsk mapy gprRYteriged %?grqeat%ﬁa? FG@MH%S %‘8@ at f&?““é?% wﬁiw

avoi d the labour of analysing the whol e vol une.
requowefer strake segmentidon. ot e&amﬁe, hartehet Ho VICKSrAL A8 (R 1240 s

the vol ume should have high sensitivity so as not to
1999 $i8ed Décdfiramitéraatidayethodr dedraiinginfarcisywduoné by diffusion tensor-

Summary The present invention ains to provide new and

MRS SAnhddpBGE Hree Rl 4186rithAEAEdhdtatiBg b egitaNconsirbint Was used to
vol ume Scans slices which are likely to contain

se?@%ﬁt&tﬁ% ﬁ&e&-‘-ﬂe&t Qf.,%%?&igﬂa%\%%t h 96y -?5 PP 2865 ploposanar al

a region dcan (or ‘other scan in

which there is .difference of ..nt EEN: . . :
uberiptsheemenpah oo hetheti RN A AfiBiioR ¥ld partia
infarcted tissue.is iaentjfied by obtai ning a
vobape mestel Feclasaifigatioy fog dHEsiondesrs MK BRAS S of the
intensities of the pixels (i.e. the shape of the
intensity distribution curve).

To further reduce the time taken to process scan data, it is desirable to reduce the
scanned volume to be studied before performing actual segmentation of the stroke
regions, so as to narrow the focus of study and avoid the labour of analysing the whole
volume. However, it is important that the method for reducing the volume should have

high sensitivity so as not to lose information by compromising on specificity.

Summary

The present invention aims to provide new and useful techniques for identifying regions

within volume scans slices which are likely to contain infarction.

The present invention proposes in general terms that a region of a DWI scan (or other

scan in which there is difference of intensity in normal and pathological regions) which
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A first aspect of the invention proposes in general
terns that those slices of a volune scan which are

wo 208y 76D i ncl ude i nfarction (or other pathol pQi/86t007/000416

region) are identified by obtaining such a paraneter

for each slice, and selecting a range of slices for

whi ch this paraneter has values indicative of a
relatively high nunber of high intensity pixels. A
_second aspect of the invention proposes in genera
is Ideahptot doataiminfarsted masve is dlentifled bf obwhiinyed paraiatet tha@ikcterising
isin the left- or right-hem sphere of a brain is nmade
theydishibation ofghsiiedhsRied 3F EGHRs (i @f the aRkheih i

i dentifying the hem sphere inc{uding ?%e Stfg@%&g%dgﬁguUma
c@@gisphere for which this paraneter has val ues

indicative of a relatively high nunber of high

intensity pixels. In either case, the paraneter nay be
cal cul at ed based on ranges of the intensity

'sgrithigp“ These ranges, are p eferabl%gnot,

T3 29R¢4t QL ERedpyentioa PEonoses ia geperakignihabiheassices of 2 yolume

A first specific expression of the invention is a
SG3B fiveh 316 ﬁkﬁléféﬁ indfyderiglargtion{pnothen patholsgioal regiomy drs idegtified
a sequence of a plurality of scan slices and in which
by plefeigingssudh hperasreter fof cachtbees ahg sdledtivgeitangys GFdlicedr which
pat hol ogi cal regions, a subset of said scan slices

thishpacdmétachasdalues idiad0ige 604 r&ét%ﬁehigﬁﬁﬁﬂlbéﬁé’ﬂﬁéﬁ Ifténsity pixels.
bei ng an i mage conposed of respective intensity va u%g
for each of an array of pixels, the nethod conprising:
(a) obtaining a respective slice paraneter for each

LCA, L€ t h t.erisi t he . .
AP o R SR AP BERGH S b Stcipgade of
wERbaRRER R a7 nsthe < oF biBlcmsiiano by PebLi mede bycoptaining

i dentifying said scan slices which include
sugh  pavagistes Apr qack bomispheragandridenifying thelseraisplaamgmchiding the

slices for which the corresponding slice paraneter
stioliel pe thie dsmispheretfewhich shia parameter has values indicative of a relatively

high number of high intensity pixels.

In either case, the parameter may be calculated based on ranges of the intensity
distribution. These ranges are preferably not pre-defined but are selected to maximise

sensitivity.

A first specific expression of the invention is a method for identifying, within volume
scan comprising a sequence of a plurality of scan slices and in which there is difference
of intensity between normal and pathological regions, a subset of said scan slices which
include pathological tissue, each scan slice being an image composed of respective
intensity values for each of an array of pixels, the method comprising:

(a) obtaining a respective slice parameter for each slice, the slice parameter

characterising the distribution of the intensities of the pixels of the corresponding slice;
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rel atively high nunber of high intensity pixels. A

second specific expression of the inventionis a
woreiokoed76Dr determ ning, within a volunme scan PET/&G2007/000416

brain conprising a plurality of scan slices and in

which there is difference of intensity in normal and

pat hol ogi cal regions |ike, which hem sphere of the

brain contains the pathol ogi dal region, the method

conprising: (a) dividing each of the scan slices into

a | efl)-phetting ploerve ofthealics piramptir forthgsighemeorRedtslices; and

i xel .set:;..(b) abtaining a respective hem sphere
Bar arqgtlg?dtlffélpé é%}g ﬁcagfshpg%Wngggn ‘éfﬁ@ﬁ’f?é‘?%caé tigsue using the curve,
ri ght-hem sphere pixel sets of each slice, the
ahd %‘@5 R ?lé"eﬁ far %ﬁléﬂlec,cﬁﬁﬁﬁk@ﬂém‘g@?@p&rmet@r mdidategtthasthere is a
of the intensities of the pixels of the correspondi ng
relgtively high nhabenyfihégtpintatisitgpixelsi sphere; and (c)
det erm ni ng whet her the pathological region is in the
| eft hem sphere or the right hem sphere according to
whet her the average of the hem sphere paraneter over
Atsego ifik| lich b i ] 2l € withi
B A M ARE Fhohn b oo op ORRARE witig o
velupesea ofr hintdogprisingrat plumalitysofacaostives and sywshiehthere is

J r t erfor t hod accardi to.the .
R A ——
brafioddnesinstkp pemslogitaliegloRethe WYERId Qtngrividy: COMput er

progran1product carryi ng conputer rogran1|nstruct|ons

whi d) dixidingeach o thescan slinep inte p 1¢fe-hemisphgre ginebsatland a right-

h&ﬁ’i%}}& N .cause the processor of the conputer to
per orﬁ?ad#%%hod according to the invention. Brief

Desdb) phthimmgnd rgtﬂi?ti?}]f hathiRpitdre p@athieter fdtadach BethRNEB8Bhisphere
e fo

i.nvention understoaod and readily put into
ang HERhemiSpBeTe oPte] Seiho Lensbaliose e tsmishiherd paveRelFbshamcterising
the aitritRitids o¢ fHeQEQnQHesWh@{)iXQIQ 053 tHe'Uoh@Eﬂo\ﬁﬁing slice in the

corresponding hemisphere; and

() determining whether the pathological region is in the left hemisphere or the
right hemisphere according to whether the average of the hemisphere parameter over the

scan slices is higher for the lefi-hemisphere pixel sets or the right-hemisphere pixel sets.

Another expression of the invention is a computer system programmed to perform a

method according to the invention. This may be any general purpose computer.
Another expression of the invention is a computer program product carrying computer
program instructions which may be read by a computer (e.g. any general computer) to

cause the processor of the computer to perform a method according to the invention.

Brief Description of the Drawings
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exanpl e, the description being with reference to the
acconpanying illustrative drawings, in which: Fig. 1

wo g0080epgesed of Fig. |(a), which is a slice ofPer/Bug007/000416
vol une scan of a brain subj ect to a stoke, Fig. 1(b),
whi ch shows an inmage of a slice of a DW inmage of a
brain not subject to a stoke, and Figs. |I(c) and | (d),
whi ch are respectively normali zed pi xel intensity
hi stograns of the slices of Figs. I(a) and I(b); Fig.

In drde$ 1150 FRGHERNOIvE RS ma 9 fulipaindérbiood whd edadily put into practical
portlons of the histogranms of Figs. I(c) and I (d) with

efféﬁtg bQ&iﬁfeﬁf‘?f thé 1@%hﬂ§r§wﬁ?ﬁé"ﬁ de dEdcBibedby Svag of halindfative

ues 0 our slice intensity paranmeters for the

ex&lpgfeeéa c{eﬁca}pgia%ll Qm&%ﬁg?;egﬁ%&@’to ehiccd hﬁlgfﬂ‘geﬂl%t?ﬁﬂeo‘c

ng=pro StToke sca Ites; Fig
a gra |caI conpari son, for 36 experinental scan
fW%Wﬁﬁé%“’ hit he stroke slice region estimated by an
expert and by the enbodi nent; . 6 shows a .
st atHigt} sapomppsedd Fig- 1§@n§’m°h\}$ ¢ ghcesqf@c‘mwmlymamn of a brain
dice index for the 36 experinental slice vol umes;

sufjestiowsstek eRBige 1 (b witiole sltaivi sy iGlage at & eli¢osafiadd Wilrimege Ofga brain
Fig. 8 is composed of Fig. 8(a), which is an inmage of

nofsiibjédto R eivks RiRE FeogMl (cﬂ ahd 1@),swiiiok are rEdp@otiBlPhormvdtized pixel
is an i mage of a left heni sphere with a stroke, and

i zed pi xel
R L s B L &by T Fig, o is

i hgplﬁg e?ggcrpg)r%gge%f fﬁ;(lég Z@ag %n? é@, w@(?ia GIL Vﬁfrﬁo%ﬁt%é&éﬁ?to@ams

oBEh S B S e s o et 0" P L0

Fig. 3 is a graph of the values of four slice intensity parameters for the slices ofa
given volume scan;

Fig. 4 is the graph of Fig. 3, indicating probable stroke scan slices;

Fig. 5 is a graphical comparison, for 36 experimental scan volumes, of the stroke
slice region estimated by an expert and by the embodiment;

Fig. 6 shows a statistical spread of sensitivity, specificity and dice index for the
36 experimental slice volumes;

Fig. 7 shows a Receiver Operating Characteristic curve;

Fig. 8 is composed of Fig. 8(a), which is an image of a right hemisphere without
a stroke, Fig. 8(b), which is an image of a left hemisphere with a stroke, and Figs. 8(c)
and 8(d), which are normalized pixel intensity histograms of Figs 8(a) and 8(b);

Fig. 9 is composed of Figs. 9(a) and 9(b), which are portions of the histograms

of Figs. 8(c) and 8(d) with various percentile points marked;



of a paraneter, Normalized RB, for different
percentile bands for all the probable stroke scan

W@ Ri0smey76Fi g. 11 i s shows exanpl es of synt heti BCE8G@I07/000416
i mages havi ng conbi nati ons of the sane background
contrast levels and different stroke types; Fig. 12
shows steps of a first algorithmof the enbodi nent;
Fig. 13 shows steps of a second al gorithmof the
enbodi nent; Fig. 14 conposed of Figs. 14(a) which is
Sy ntHigt 1(cis iargegph dbpiding thb ailudspiol bauh offthé Redd dhideighe hemisphere,
pi xels and its intensity histogram and Fig. 14(b)

; . thcd . R

o SHaE i, RoRKAR ;ARG ol Epulds Ry HIBRS Brobabl strke
intensity histogram and Fig. 15 illustrates the

scapliGessi vity of the slice parameter as compared to a
median or ratio of difference of percentiles. .
Det dligeld iDsbews grapplescif synibetin i inegs Babiogicambingtions of the
met hod which is an exenpl ary enbodi nent of the

same\back groumdrtontrastdevelseand elifferetitestirokd ygpeset hod is for
identifying a stroke regi on based on characteristics
of s el §heed sktbx6f a first g13stith bf b @badEnent;ne net hod
i ncludes an algorithmsuitable for use as a pre

Progg gsl'f%”s%(v@ Q{epé 8r4d 42Bhd {;léoﬂfhﬁpgﬂhg eﬁx%?%ﬁ’?en&c an

slice roma plrurality of “scan ces of a whol e

vol nd to elim.nat on-Sstrok Lices. The steps..
o e rRepias e B o) i § S8l s ol i B fion of
[ ith itable f [ tifyi t
is%{a]tg}lq%dﬁgq}? A 1{?? J?g{%%&;%:grq?%@%ﬂ ggé._1|4&Srlzvﬂjcl¥isnagsyn&eetic image
right-hem sphere) containing the stroke region. The
widh @ feyv ispintanse pirelshen]aced dydhypemintensemizels aml Cpintepsity higtogram;
t he enbodi nent coul d be foll owed by further
andonput at i onal processes.

Fig. 15 illustrates the sensitivity of the slice parameter as compared to a median

or ratio of difference of percentiles. .

Detailed Description of the Preferred Embodiments

A method which is an exemplary embodiment of the invention will now be described.
The method is for identifying a stroke region based on characteristics of normalized
pixel intensity histograms. The method includes an algorithm suitable for use as a pre-
processing tool to identify probable stroke scan slices from a plurality of scan slices of a
whole volume and to eliminate non-stroke slices. The steps of this method are shown in
Fig. 12. The method also includes an algorithm suitable for identifying the brain
hemisphere (whether the lefi- or right-hemisphere) containing the stroke region. The

steps of this method are shown in Fig. 13.



Exanpl es of such processes are steps of renoval of

fal se-positive results, and of segnentation artefacts.
wab@soet7bmd i s based on the fact that the pi xePGI/86:2007/000416

the stroke regi on have higher intensity conpared to

normal tissue regions, such that there are nore bright

pi xel s in stroke slices conpared to non-stroke slices

in a given volune. The nethod assunes that the stroke

occurs only in one hem sphere and that artifacts are
Otiomaiy, rthe embodineht daidid folissed by Sfathep yomptiafiaed pracssses.

substantially equal in both brain hem spheres. The

ExaRiplQcb MWt prloCessesirabt ﬁt}émbeileszeﬂg@?&s@ﬁmms, bifd of
used to process real data sets. Data from 36 patients

se éﬁ%&%l&%ﬂ%ﬁ:Sing 36 DW scan vol unes were obtai ned

romthree |#ferent sources (13 froma first source,
one froma second source and two froma third source,
two froma fourth source and 18 fromthe fifth source)

so that,. results re not biased o any particular .
5 Thﬁﬁ%ﬁﬂ?ﬁﬁérhasedeabﬁe thgb e e ﬁ%?tif%k@dfe&% bayedrighsy
of scan slices. The DW scans had in-plane resol utions
intgpsifyragmpereal tamoxmd. tgsunaregions stchnibaktheresarermorebriighs Ipixeds in
thickness of 4 nrmto 14 nm The nunber of slices in
strelactlicey\torapand wohamstrokasies if b @ived viobund® ThA nicthial asedmes that
791 scan slices were obtained. O these, an expert
thd@rkaloeurk d8Rtih bh&HerdRAhdrt be®MabSrtidtctat kymhRelddithg a
stroke. These slices are referred to here as the

g "o, . i i . -, g i g
brig B g et iRl Hial iR S oH?
the algorithmis understood using the foll ow ng
exanpl e: Consider the scan i mage shown at the |left of
Fig.. 14(a), which does not contain an jnfarct. This
The %@%‘é@f berexpiained 2 teference e hewiit isusest ojnspgest iALEata sets.
pi xel s shown at the right of Fig. 14 a. Let us wite
Datanigom 36rpaients éses) somprising 36 MR ssanyvoliratsry arablaimed drom
Pn.Aratio AAB (=1 .2) is
three different sources (13 from a first source, one from a second source and two from a

10

third source, two from a fourth source and 18 from the fifth source) so that results were
15  not biased to any particular instrument. Each DWI scan volume comprised a plurality of
scan slices. The DWI scans had in-plane resolutions of from 0.9 mm x 0.9 mm to 2.4
mm X 2.4 mm, and slice thickness of 4 mm to 14 mm. The number of slices in each
DWI scan volume ranged from 4 to 36. A total of 791 scan slices were obtained. Of
these, an expert manually identified 264 slices as actually including a stroke. These

20  slices are referred to here as the “ground truth" (GT) slices.

First stage: Identifying slices containing probable infarction




cal cul at ed where, B= P40-P10O- An infarct image, such

as the scan at the left of Fig. 14(b), can be
weomsielssed as a fraction of isointense pixel SPCERGAOBM00416

by the hyperintense pixels. Referring to its intensity

hi stogram at the right of Fig. 14(b), we observe that

the ratio A/B (=0.8) decreases. This happens because

t he number of hyperintense pi®els increases which

causes the separation of higher percentiles to

The cprceptof the akehsthwamaikibrmoddsmgahs foliowings eianipda Consider the

pi xel s causes the separation of |ower percentiles to

scancin@gs showltatahs eialTTes Vie(d)nahich B edBst c@ﬁtairf‘érﬁﬁ?dréty This image
i ncreases when the isolntense pixels are replaced by

hBY B8 ikt B S sttt RIS £ 1S-U‘1'1t§ns‘?:g)g>9& Plhon eﬁ@?@ﬁ?ﬁc ofF Fig.14a. Let us

percentil e density is appli I dent

TNl to f rthe ce ng,
14 G-k AR RNy Bhlilaub R s B, e PUBTETS) B
of slices_is nornal zed. This is so
> @8‘“ %w S I 5 P1oyP ipa AGdniaret ampeer g4chsgs thescan at the
in all 36 scan volumes. Nornmalization is done using
1€‘é§-ﬁf ig i)y yan be considercg ps a fractfemof i isoinfeppe pixelnidplaceddy the
mn where 1113x is the maxi numintensity and 1115n is
hypesinginsé pireisi Referririgtty itsfintemsity tdto grama acthé right sitFig. 14(b), we
normal i zati on paraneter. In our study we selected f=I

olpdetverthyt tb@ra&b)A/Bt (FO13) dusrbaks. AMSPhappend brhudetBe Hﬁﬁbéﬂﬁﬂ

intensity is 1 and the n1n|nun1|nten3|ty is 0. The

ﬂ;&&&%ﬁ@ﬁi&d@fin&ée{s& Which régl?s%§ t}[&ﬁs\é d af’@%g’%% {(1)%? to_

56 bins (it nmay be any

10 ed3f. rmhé ga?ﬁies ’ﬁljné e& cl‘e%eep Sécgl%{tﬁfgger%%%c ﬁtésgs h1e Separation of lower

plurality o car s ces

percentﬂes to increase. We also observe that the median intensity increases when the
isointense pixels are replaced by hyperintense pixels. This concept of change in

percentile density is applied to identify the infarct slices in the embodiment.

15 Prior to further processing, for each of the DWI scan volumes, each of the plurality of
scan slices is normalized. This is so as to have a uniform intensity range in all 791
slices, in all 36 scan volumes. Normalization is done using equation (1):

-1,
‘[norm = f*—.[—————.[_— s (1)

max min

where 7., isthe maximum intensity and I_,_ is the minimum intensity of each slice

20  and fis the normalization parameter. In our study we selected £=1 (it may be any other
number also) so that the maximum intensity is 1 and the minimum intensity is 0. The
histograms of all the images have been plotted with 256 bins (it may be any other

number also).
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Fig. | (a) shows a normalised image of a slice
including a stroke, while Fig. | (b) shows a nornalised
W0 pege6w62 a slice not including a stroke (the PCT/SG2007/000416
presence/ absence of a stroke in these slices was
deci ded manual ly). Figs. |I(c) and | (d) show the
respective normalized pixel intensity histograns 102,
122. Pixel intensities |ower?than a reference point
were then excluded in order to exclude the effects of
t he darkest pixels, the majority of which are
background pi xels. The reference points for the inages
A Olistddras of Gepmaized pixk) inteneity foawactosf the ghirality of s@ndlitdsd} then
as 104, 124. The reference points 104, 124 are
ogh&cted at the Full Wdth Half Maxima (FWHM of the
background peak 106, 126. Subsequently the renaining
pi xel s were used to derive intensity percentiles (P 10
, P20 P90 ). P 50 is the nedian nornmalized pixe

intensity. At thig.first, stage, .the focus is.on.,.

Figo ] GLiorhs "OmAe Hoale G 4 TIRR T SEe: “IE s A ybows
bright pixels turn out to be artifact pixels. This is )
a rgymalisedomage af # slcemop shndinga stenks (Hearesspeetdbsengegi@ stroke in

the plurality of scan slices for a given volune. In
thedei séicesawisobbcided enaonalhht Bigs.ri€gi amd d (d)shawshe ompentiove nakealized
to be those above P 50 , and darker regions are taken

pikél iendilaE@o@endW0R, 190. . The intensity percentiles are
mar ked on intensity histograns of the remaining
pi xel s, as shown in Figs 2(a) and 2(b). As can be seen
in Fig. 2(b), a histogramfor a non-strokeslice Fig.

' : : - aht

PR QbR B0 H B 0l R By B Rt e

ef['fgtg qliﬁ% C@rte}%&%@gf tgg eplcﬁﬁnar%tg Ioﬁiw 0w ?e g?mnl A egtpﬁcaq“ ol zs %“(Png reference
regions 20b, 22b where the histogramis not as high.

oty or the pagamel Bigs ¥ (2) pad 1¢have shornanFigs. d(@tpd d(d)iasA84, 124.
of the percentiles, particularly the bright and dark

Theagfeommse pbingsaldd, h24tregelanted at the Full Width Half Maxima (FWHM) of

the background peak 106, 126.

Subsequently the remaining pixels were used to derive intensity percentiles (P ,,,
Pyy..... Pgy). P, is the median normalized pixel intensity. At this first stage, the focus

is on extracting scan slices with bright pixels, even if the bright pixels turn out to be
artifact pixels. This is so as to identify probable stroke scan slices among the plurality of

scan slices for a given volume. In this method, the brighter regions in a slice are taken to

be those above P ;,, and darker regions are taken to be those below P g, .

The intensity percentiles are marked on intensity histograms of the remaining pixels, as

shown in Figs 2(a) and 2(b). As can be seen in Fig. 2(b), a histogram for a non-stroke



Referring to Fig. 2(a), the nedian 205 of the

hi stogram of Fig. 2(a) is higher than the nedi an 225
wo@RooBhed7ht st ogram of Fig. 2(b). Furthernore, tPEI/SG2007/000416

i ncreased nunber of brighter pixels results in a

decrease in the spacing of the higher percentiles 20a,

and conversely in an increase in the spacing of the

| oner percentiles 20b. The Bt hod enpl oys a paraneter

R which indicates this difference. There are nman

slip®BH. D{tY coM@ing @eryf folv gixklSithat &%&ﬁf@%fghte%ﬂm&hém%ﬂacentﬂe
p| xel s show a distribution of brightness, they may

u i r
gf Ell%@] zgé(;n Jo %Wg e Cge]rré&ll J%eté E gr?aggg I%Jﬁ{eg régﬂ%fsgda $a where
|nten3|t band. | nstead, for each of the plurality of
the bistpgram @éyglaﬁst sathenfhan xegiansR0b.22bavhgse the Iistpgram is not as
cal cul ated, where, instead of taking the whole band
higlh ¢igs. 2X(a% @ndxg(ba thors ihght diffeging distnitshtiohe ofithe iperchutilds, ipattimmiarly
P 50 as a dark region, a smaller range of pixel
5 théﬁlﬁgnf‘ahﬁﬂaﬁka’BQ@m&éa%Eﬂlstd%mﬁ. preferred enbodi nent, a
bright band" and a "dark band" of the histogram are
defined such that we include intensities from near
dar kest pi xel s to near brightest pixels. Each is a

RGRRRE BFd BT i BT R e R0 Bl R
oSl b A R Tl e

.of 20%is chosen to ensure that there are a
pixglgreplisciam deateptsan the snering|of therhighesiperssnidles 203, @ad conversely
paranmeter R may therefore preferably be given as:

10 inwh@rcgease in thO spavihgofth&wdP pbredfitiled2®h.i s t er ned t he
"bright band difference", referring to the intensity
different of the top and bottom end of the "bright
band"” of the histogran1 P d+20 -P d is terned the

The‘iiﬁétﬁocpé}ﬁﬂlog [3 RIAEE R w @ﬁﬁ{cﬁéa@& fng dﬁﬁ*@reﬁ%[ ?ﬁé{etra{e many

difference e top an bottom e
po?saﬂgch cestﬂ%\?c'hsatﬁ) £r§eerAn increase in nunber of

15  Since stroke pixels show a distribution of brightness, they may occur in different
brightness bands. It is therefore preferable not to calculate R based on a fixed intensity
band. Instead, for each of the plurality of scan slices of a given volume, a range of R is

calculated, where, instead of taking the whole band above P ,, as a bright region and the
whole band below P, as a dark region, a smaller range of pixel intensity bands is used.

20
In a preferred embodiment, a "bright band" and a "dark band" of the histogram are
defined such that we include intensities from near darkest pixels to near brightest pixels.
Each is a range of intensities, such that the two ends of the range are the intensities

corresponding to percentiles of the intensity distribution differing by, say, 20% (other



brighter pixels results in an overall decrease in the
value of the slice paraneter R Table 1 shows the
wo 200806976 b and d used in an experinental tesPCDEG2002000416
present method. Table 1: Percentile bands for
different values of b and d . For each of the four
sets (Bl to B4) of paraneters given by Table 1, the
value of Ris found for eacH!slice of a scan vol ume
known to include infarcted material (step 11 of Fig.
chbites thad 2pVodrt edssitde alsh). Thogulamof 0% s tosef tdemgureltBit there are
Fig. 3 shows the results, wth each |ine correspondi ng
a dighificdiR ARRGEI VHiRNinach Bend Slfce Phrapid FEMAY Sherefore %referably
Irrespective ofwhich set of paraneters is chosen, the
R of R contains a flat portion 35 in each curve,
correspondi ng to probabl e stroke scan slices. An
algorithmto locate the flat portion 45 (step 13 of
Fig. 13) is shown in Fig. 4. Starting fromthe nmaxi m
41, 42, the fail half width maxima (FWHM) in the
5 i ekt dnt-offatds a flat &Sgion 45 are found (i.e. the
pweenpt he peaks 4I1/42). The slices 43, 44
cl 0sBst 8 tHese FWHM are found towards the flat
region. For each of these two slices 43, 44, we
whese b o3 andrdes PRk j.ael s énteohed Sedbrighidpand diffesense?,gefeaig to
novi ng slice-byslice towards the centre of the flat

th®BMiduls gﬂfbrerﬁ‘bf 8R00p 8hd BELIMNE eRPEF HBIEH I Basd OR8hOhistddfam;

paraneter R, taking into account the values of R at

t hat, poj nt d . t.0,ei ther..side, itin ntil the.slope
P nebuit s BE kP eh el pitEn P i iobonsiy iSRS of
search starting at the slice 43, the first slice
thetopand betterd enfeotthe Kdark bapd’ dfshd histogfamhiAxhincrease in number of
specifically, is defined as when the slope is greater
10 brigh@p pxeRrresuligfin Aeoverall decresde dn theQalik)ofitlse ik phiictd Ra
first extremum47. Simlarly, the search (in the
reverse direction) fromthe slice 44 | ocate a second
extremum 48 as the first slice encountered where the
[ I C L] (R ' e
Taﬂ%e(e)lp%okx% tﬂé %luésvgyb ﬂlﬂ cﬁgsﬁg éri %r? %gpg}eﬁmenﬁﬂ ge ; ({)fﬂsgg p&%erw}n&hod.

ope 1S greater t ned v

Percentile | Value of b | Value of d
Bands
B1 60 10
B2 70 10
B3 60 20
B4 70 20
15 Table 1: Percentile bands for different values ofband d .

For each of the four sets (B1 to B4) of parameters given by Table 1, the value of R is
found for each slice of a scan volume known to include infarcted material (step 11 of
Fig. 12) and plotted as a histogram (step 12 of Fig. 13). Fig. 3 shows the results, with

20  each line corresponding to a respective one of the sets of parameters. Irrespective of
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e.g. -0.01). This procedure is repeated for the curve
of R for each of the four sets of paraneters (Bl- B4

w@gooshesam2 i n Table 1) to define a respective fPEL/SG2007/000416

portion 45 bound by the first extrenum 47 and the
second extrenmum 48. The flat region 45 is observed
because the values of the slice paraneter Rin slices
with brighter pixels are very2small conpared to slices
with fewer brighter pixels. For a givenvolune, using

viliéh seaof puismprefsit Bhexelghé Biaph 6NR cBhtalRs al fl portfod3s5 in each
different values of b and d, wll select a sI ightly

clf @RI pr oY ARRBLSmStiEge scan sl ices. 'S0 as

not  to lose any pr abl e stroke scan slices, the flat
region 45 is selected according to the deflnltlon of R
which results in a flat region 45 incI uding a rraxi nmum

nunpber,. of slice That .i s, he egi Fi g.

AR R GHtRgo Sodalebi o el L1 CuBe:; B e thopardn e do

be the set of nost probabl e stroke scan slices: [max
StafiehEpmdhe maxigeasd], :42E¢h;> Jull g width maxing GHVEM) iashodigestion
to |l ower values of Rin the volune. Therefore, by the

tapedfrdad flatoegioh 4R ar¢ fuiuad (isg ﬂm*FWHMbsmmeat}m:beaks 41,148 The slices
slices having a higher nunber of hyperintense pixels.

4¥\14t dloest v RSB FIWH B dredburdiewhitk M llat $bdi6@ For Bach of these two
volune lie in the flat region. If the nunber of slices

slidds @3 VA, WiherRrh &S8sdebtitk Segﬁ)cpey ﬁ% Gt ﬁf%ﬁ&@%&?@?ﬁn&by—

approach (sl nce pea and va Icu

SR bt SRR o BB 35 BRech B B0t sy ofhe
I neal Cz%etagmng ggxgé)cg%lt%l&eva,ln%é %gﬁlqgg?aé\égllnﬁgﬁ%‘r@rmthﬁ side, waiting

shoul d be noted that the enbodi ment woul d al so )
untilibe slope bgoemes abosheerp. $recificaly.cnusideringsthe gearghesfarting at the
four possible definitions of F, it used only a single
slgdeiddethpdirsirstice endRusetaiowlipge the sheeds flaiafvhidhe spevifically, is
possibilities of Table 1.
defined as when the slope is greater than a pre-defined value, e.g. -0.01) is considered a

first extremum 47. Similarly, the search (in the reverse direction) from the slice 44
locate a second extremum 48 as the first slice encountered where the slope is flat
(which, specifically, is defined as when the slope is greater than a pre-defined value,

e.g. -0.01).

This procedure is repeated for the curve of R for each of the four sets of parameters (B1-
B4 as shown in Table 1) to define a respective flat portion 45 bound by the first

extremum 47 and the second extremum 48.

The flat region 45 is observed because the values of the slice parameter R in slices with

brighter pixels are very small compared to slices with fewer brighter pixels. For a given



To verify the effectiveness of the enbodinent, all 36

scan volunmes with a total of 791 slices were anal yzed.
w@RooBhere2 t here were 264 ground truth slices (PCESG2007/000416

stroke slices marked manual ly by an expert). The ratio

of actual stroke slices to total nunmber of slices was

0.33. Using the al gorithm expl ai ned above, a respective

flat portion 45 was obtai ned¥or each scan vol une, and

the scan slices not in this volunme were then

velumg, nsib@the vatibss pessibld ddinitions bB Rsi.¢.cR% diff@emmdlues of b and d,

"probabl e stroke scan slices") remaining, including

wib Seledt atsfightBpdi firrai AEmbEMfHrobablesirole RBEAIRESs. 8BQAY S0t to Tose
The rati o of the nunber of remaining slices which are

I
16 & ' i iti
o3 BB SUORY Tk BTy, b TaHBlon W8I0 St ARTRIAL Bikhe definiion
0 in Fig. 5.in ich.the horizontal axj .
of kg Ja 5 retide s e At b Y shees it s,
to 36 ip.ap arbitrary order), and the vertical axis
5 thedpion 49 b gyt el eding s Q1R GRUbSE i SHisPuiseconsidiered & beithe set
vertical lines 5 1 indicate, for respective scan
ofmbstrnaghablewtrokk iscamsslicke [mes I¥embere of Shinesy il BYY]. The flat region
contains (these are nunbered from lup to the total
céﬁ\%g&{ds% 10WdrS/afuel gﬁf{qﬁ HREA 8! ILHEFéforfeof)y %a({%ilnﬁionsow this
vol ume 1 contains consecutive slices,” so e ?
vert.ical ljne. correspondi.ng to the first .scan .
reffir e Resipleluth o ARateTaV DR Mg Sutadfr e bipeudehpinets. we
the sef of dﬁt ars, 52 represent the ground truth stroke
thus iypathesize thatihe infagisslices Wesvodame lisin therflat regions | i ces
identified by the algorithmas probably containing
10 infarction (i.e. the broken lines 53 show the extent
of the respective flat region 45 of the respective R
Ifche nembet of slibes iniadedimé isdessr(e@l 8)) wehise a threshold based approach
ef fecti veness of the enbodi nent is eval uated using

(sPRE PBEY &dSvatiey hRAiFHRANTH Fdrd WHen the ARBHES bEJIicYs sRRAN) to
"Di ce index". The Sensitivity, Specificity and Dice
idbREy GRBrdMSH&s. The slice is considered to contain an infarct if R < x% of the
max(R in a volume). In our study we choose x=10 but it may be any number. It should
15 be noted that the embodiment would also function almost as well if, instead of using

these four possible definitions of F, it used only a single slice parameter R selected to be

any of the four possibilities of Table 1.

To verify the effectiveness of the embodiment, all 36 scan volumes with a total of 791
20 slices were analyzed. Of these there were 264 ground truth slices (i.e. stroke slices
matked manually by an expert). The ratio of actual stroke slices to total number of slices

was 0.33.



eval uated with reference to the ground truth slices,
and are defined as follows; TDVice TndAex = 2 TPS ( FPS
WG-200R86976NS) where A is the slices identified PYT/SGE07/000416

algorithmas belonging to the flat region, and B is

t he nunmber of ground truth slices; TPS Sensitivity =

*100 (TPS + FNS) Specificity = - *100 (TNS + FPS)

where TPS is the nunber of ¥Frue Positive Slices, i.e.
ground truth slices identified as infarct slices by

UgiﬂgtmlaggziﬂtﬁxhrékFlaE% ab&vd, B eespedthierfla®portioh 38 WRIbtdingl for each
Slices, i.e. slices which are not ground truth slices

scgrthéol_afn% %@qg% irs]ggh%ﬂc@smmwolﬁhé %Fsﬁ {A¥n RGO ThishBulted

I's t er of True Negative Slices, 1.e. slices
. Lch are not.ar d.truth slices and also jdentjd,
in 305 S L OB i P P e ato i Pt 264
t he, nu r of Fal se Ne ive Slices, i.e._ground truth_.
B S aév@vg;?ﬁméﬁ% b PomReE ! TeAHE slices Which
slices. The Dice Index (DSI) of individual images is
5  arggiopod tethedices tayipsal mumper pirempiningglices iswben 0t50e The tagwlds of
truth slices and the slices identified by the nethod,
thia peaxeskimgyare ghdwe irpFigns irpivhiech sied haridoniahaxie ldbyglsehe 36 scan
"Statistical Validation of |Image Segnentation Quality
volumes (which are numbered from 1 to 36 in an arbitrary order), and the vertical axis
labels the successive slices of each volume. The solid vertical lines 51 indicate, for
respective scan volumes, the slices the respective scan volume contains (these are
10  numbered from 1 up to the total number of slices in the scan volume; for example, scan
volume 1 contains 31 consecutive slices, so the vertical line 51 corresponding to the
first scan volume extends from 1 to 31). For each scan volume, the set of stars 52
represent the ground truth stroke slices, and the broken lines 53 represent the slices
identified by the algorithm as probably containing infarction (i.e. the broken lines 53

15 show the extent of the respective flat region 45 of the respective R curve with the widest

flat region 45).

The effectiveness of the embodiment is evaluated using parameters called “Sensitivity”,
“Specificity” and “Dice index”. The Sensitivity, Specificity and Dice Indices were
20 evaluated with reference to the ground truth slices, and are defined as follows;

2 TPS
(FPS + 2TPS + FNS)

Dice Index =

where A is the slices identified by the algorithm as belonging to the flat region, and

B is the number of ground truth slices;
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Based on Spatial Overlap |Index", Academ c Radi ol ogy,
11:178-189, 2004. Fig. 6 shows a conparison of

w®eosied7ei ty (indicated by the bl ack bars), SpeCr/$Gmior/o0416

W.

(indicated by the dark gray bars) and D ce | ndex
(indicated by the light gray bars) for all 36 scan
vol unmes. The first stage processing detects the
probabl e stroke scan slices ¥n a volume with 98.1%
sensitivity and 51.4% specificity. The average Dice
Index is 0.665PSAs can be seen, sensitivity is 100%in
aﬁﬁﬁ%ﬁv%ﬂfz¥g§§§$ﬁ§ﬁﬂgois i nportant because a
preprocessi'hg stage prior to segnmentati on should have
high sensitivity so that alnost all the stroke slices
are retained. Specificity is owin cases which have
smal | stroke area. Optionally, the present al gorithm
cguld o} §Uppﬁ@ﬂﬁntqg& y a step of confirm ng the
pPESEHE Of TSI FPEF USI ng another method with high
specificity, such as Giner et al. "Sel ection and
Interpretation of Diagnostic Tests and Procedures",
fal s of Internal Medicine, 94:555-600. Figure 7
shows the paraneter "Receiver Qperating
CrmarERy srthenymber(of daug-Bositine diceslie; grund sudplices identified as
143:29: 36, 1983) defined as the rel ationship between
sendnfaratistiyesdrydthd BlForithpeci fi city. The area under the
curve, which is representative of the ability of the

et o o ERAMBGIE YaRE POifTe SHQHNE, bRtk RSt £8%0t 'g&’und truth
0.77. This value can be determ ned with an accuracy of

0.0 . |4 - . val ue of area
undgs?cﬁﬁﬁgﬁé;@gﬂ%édoéﬁ%{%ﬁ%?g#eg%zgg%%g%%hi s inmplies

t hat e slice, par t Ris_a fairly good classifier

of infhe numpBiel as Nogstivelicess vy Hopmighich 4¢ naligseHt truth
be appreciated the present nethod does not have to

ass heesan alserideniificdras npnorshist dlioes b dhq alBesith ged b

and d are optimsed automatically as part of the

met TN is thdhaembemdIRalse NafgativeeSIiees Hed groafm tmth sirks gotf or
data derived fromdifferent

identified by the algorithm as infarct slices.

The Dice Index (DSI) of individual images is proposed as to quantify the overlap

between the ground truth slices and the slices identified by the method, according to the

principles set out in Kelly et al. “Statistical Validation of Image Segmentation Quality

Based on Spatial Overlap Index”, Academic Radiology, 11:178-189, 2004.

Fig. 6 shows a comparison of Sensitivity (indicated by the black bars), Specificity

(indicated by the dark gray bars) and Dice Index (indicated by the light gray bars) for all

36 scan volumes. The first stage processing detects the probable stroke scan slices in a

volume with 98.1% sensitivity and 51.4% specificity. The average Dice Index is 0.665.

As can be seen, sensitivity is 100% in almost all cases. This is important because a pre-
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i nstrunments. Second stage: Determ nation of Hem sphere

containing stroke hi a second stage, the aimis to
wa@ledoenes7ee whi ch brai n hem sphere contai ns t hePGI/862087/000416

Local i zati on of the stroke hem sphere woul d further

hel p to reduce the focus of study. The enbodi nent does

this again using an enpirical paraneter (the enpirica

hen sphere paraneter", call 8 RB) characterizing a

difference in the distribution of percentiles between
précelsing ﬂﬁf@p@rﬁ&‘ﬂtgi@erﬂat&ﬁm@h&@ldﬂﬁgd: Bigh (sansitd¥ityodoethat almost all the

hem sphere”) and a hem sphere w thout a stroke region
stioRe SRS aRtrEliRd NGEECERING i€lohw in aSes&iMLE haw! snlEndtRRB GFe.

paranmeter RB is devised to quantify characteristics

whi ch are sensitive to the brightest pixels in each of

the probabl e stroke scan slices. The classifying

rit i S no e an d value but on
oriqa i i wietes? ool ot pe M ERatos s #op SF adilimie the

that the ischemc stroke is present in only one of the
prefeRfesfifetoke uing epriberdpetbod ity highespeaisityriurhps (Friner et al.

symetric in both hem spheres. In a first step (step 2
“SelectfionFing, Integ)retatiomo i Diaginostixl Tastsamd Podcedarsh”, sommlsvafl lntrenal

is determ ned, e.g. using software devel oped by
Mddivina I 556t600. ., Academ ¢ Radi ol ogy, 13(5)

2006: 652- 663. Each of the probable stroke scan slices

in avolune is divided into two (left- and

ri ght-hem spheres) using the midsagittal plane,

Flélﬁé L?”sﬁé]\pégthe B)ﬁ.?anjle%r ‘J?{% s L ée?at?d argérec%rbﬁ d I?a&l(eé/ et al.,

em spnere plxe

tlon of 1S
Repift? 16 B0iab SRy R 15 seBolvur HSiesn afiRish By ap d o
scan slice, histograns are plotted of the intensities
spesifigitye The pie anfefhe FErvei ‘%]@Fh isdepresgitptiye of phe ability of the
intensities of the right-hem sphere pixel set. Figs.
meglicad tognae@yipredicegnoondrirhihztides, rmeltyé3 s vdlee eangdet determdned
| eft-hem spheres respectively of a
with an accuracy of =+ 0.026 (the probability that the correct value of area under the
curve is only 0.5 is <0.0001). This implies that the slice parameter R is a fairly good

classifier of probable stroke scan slices.

Furthermore, it should be appreciated the present method does not have to assume any
particular threshold value (the values b and d are optimised automatically as part of the
method), which means that the method remains valid for data derived from different

instruments.

Second stage: Determination of Hemisphere containing stroke

In a second stage, the aim is to determine which brain hemisphere contains the stroke.

Localization of the stroke hemisphere would further help to reduce the focus of study.
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sanpl e probabl e stroke scan slice. Figs. 8(c) and (d)
show their correspondi ng normalized pixel intensity

whe@soe7ers. In order to focus on brightest piRE&/SG2007/000416

regions indicative of a stroke, a higher reference
poi nt for each histogramis sel ected, such thatpixels
having an intensity below the reference point are
negl ected. The reference poiht is selected to be near
a valley 8 11, 821 at a higher intensity than the
The smbodiment bees kiyis apaid upiagin 8hPiriAPBaraiheRA (e BinpirREr am
In a preferred enbodi nent, the reference point is
he@lsphére Gataehel®”, TaBe PRyt dhﬁra@t%ﬁﬁﬂl?%Wﬁ‘eﬁﬁ@‘inftﬁ@&?s&iﬁ%ﬁon of
background maximum ( s is the standard devi ati on
b1 j : ' ' . kground pea
PSR nBRh ! LR FERL PR B8 (€ TR SRR andto
| DI fr Ful I. Wdt h I XJ JVWHM)  of the
h%ﬁ%sﬁ%{}% %&gﬁteaa%o § é%gl?%/\éa t‘lgeﬁlﬁP{iﬁggI’&%ﬁe&é Sed at
http://en.w ki pedi a.org/w ki/Full _wi dth_at_hal f_maxi nu
m accessed Nov. 13,2007). We have found that the
exact choice for the reference point is not very
Theprepirigak hemjsphera pastroefetiRpis demised tonpmntifyhshavetdrzsicBwhich are
11, 821 since choosing a very high reference point
sensitive teethe brightestytiedls &t dachbf theipistabl stioka BéaniaRe Thef
pi xels. Fig. 9(a) and 9(b) are histograms of the
claddifomg| drit@ondb ndl be8bFor ABHhESHA18YaRlebet Sn mﬁtd%ﬁlé‘ (e.g. shape) of
intensity below the reference point) for the two
Is ] Al I xel s_are,used
e S e L L
Ei. n as P10 , .P20 P o There e very few
h%‘?‘?%}ﬁ?&%%’@ag ottty Bl Pt e o beriSengies. .
8(a)), and in Fig. 9(b) nost of the pixels are
concentrated in a mddle brightness band 921
characterized by normal tissue regions. By contrast,
Inafistiten Gtpparh of diig. t1Rd asnidekaittdl pidnepifeach (ckh golud{ei} )
i ncludes a significant nunber of pixels in a
detaringreiine g sudiepnab fifvkite dévietopad b NG ihske 6t All) ARSI Radiology,
greater than 100. As can be seen fromFigs. 9(c)
13(5) 2006:652-663. Each of the probable stroke scan slices in a volume is divided into

two (left- and right-hemispheres) using the midsagittal plane, resulting in a left-
hemisphere pixel set and a right-hemisphere pixel set for each probable stroke scan

slice. Normalization of each image slice is performed using equation 1.

For every probable stroke scan slice, histograms are plotted of the intensities of the lefi-
hemisphere pixel set, and of the intensities of the right-hemisphere pixel set. Figs. 8(a)
and 8(b) are normalized images of the right- and left-hemispheres respectively of a
sample probable stroke scan slice. Figs. 8(c) and (d) show their corresponding
normalized pixel intensity histograms. In order to focus on brightest pixel regions

indicative of a stroke, a higher reference point for each histogram is selected, such that
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and 9(d), the higher percentiles are well separated in
the stroke hem sphere (Fig. 9(a)) conpared to the
woens®ta7eke hem sphere (Fig. 9(b)).Since it i sPCbhSer00z000416
that higher percentiles are nore separated in stroke
regi ons conpared to non-stroke regions, the ratio of
t he spaci ng of higher percentiles to the spaci ng of
| ower percentiles is greaterl8for stroke hem spheres
t han non-stroke hem spheres. This ratio can be further
pisiBaGRtlaintensity belbyi thgrdidreaoshtieEnépl&dtéRBe reference point
hem sphere has a higher P50 . One suitable enpirical
is S8EESPRYeSeRPE 3Ry A1 1 R MUY o Wk ki tS RAARE YesBEet;
1Sdefined fn equati on (3) as: mﬁ%re % ;§50 and ﬁgé:gg.
[ ' { I ons
bab b Ok 81503 R R BB AR B B0 Rfpot B Rference
exa e, it uld ossi ble t ake t he_ exponenti,al
Pogt 1 n%ieqfidatethe i | ﬁ%ﬁ@%@ﬁ (PF*’%%‘OWET E@quroung maximum (&
. nunerator). As for the s;age 1 algorithm equation (3)
is thestanderd tiga). iTais|ie ebtpingd &y @pripkirediingghe background peak (peak
opti mi sed. Again, table 1 gives four sets of possible
106 éh Eigg 1)do s BilsEdn distributien,pad abeiwng otfroan #uld WikilgHak nd&ima
i ncludes, for each of these selections, a respective
(FWHY) $Pthd.badlerdundlftaB.(sebGhétethnifitCexpidiadeiter RB for
each hem spﬁlggrre (step(22 of Fi g%l 13). Each value Rs is
httBYfeR WARE eI G WIRITI1O byi @ PAt ORAP hEuirhinBK | ££9007).
f FHA DT S RS

he horirzontal axi's Fabels the—correspon
K, | i . the vol une scan...RB s . .
WEbbRERIE AR e i it N el Rt g ot i
r.obabl e strqke sca | ices anpngst bot hhem spheres jn .
shIORE R Sn et ToeDRER L] SBL Aios TP e YRSH B dPrre RRghce pont will

follow ng way: the normalised RB

lead tmp stetinfieBy ing geifipappumbel ¢i3tiyels.| n Fig. 10, bl ack
circles 160 represent the right hem sphere and broken
gray stens with stars 180 represent the left
hem sphere. Nornalized RB is always greater for the

Fid. ©(d) and 9(b) are histograms of the intensities of pixels (neglecting pixels with an

intensity below the reference point) for the two respective hemispheres. The remaining
pixels are used to derive intensity percentiles, which are shown in Fig. 9(a) and 9(b) as

Pios Py ... Py There are very few bright pixels in case of a non-stroke hemisphere

(Fig. 8(a)), and in Fig. 9(b) most of the pixels are concentrated in a middle brightness
band 921 characterized by normal tissue regions. By contrast, the histogram for the
stroke hemisphere (Fig. 8(b)) includes a significant number of pixels in a brightness
band 911 with a normalised intensity greater than 100. As can be seen from Figs. 9(c)
and 9(d), the higher percentiles are well separated in the stroke hemisphere (Fig. 9(a))

compared to the non-stroke hemisphere (Fig. 9(b)).



hem sphere, so this hem sphere can be identified as

the stroke hem sphere. This is clear fromany one of
wW@k@s®69re2 1 to 10-4, and thus can be obtai ned REI/EGENZN00416

of the intensity bands is used to define RB. It is

interesting to note that the only probable stroke scan

slices fromwhich this difference is not evidence

(that is slice nunbers 11 ad® 12) are in actual fact

not ground truth slices. By definition, the hem sphere
Siued ibisaoblRérybe thanhigher pegdentilep ere bR1SEarpied &4 Sirdk® regions

expected to have a |arger value of R B . WIcoxon rank

GirbboRSioHD i LiSids Gk
R0k, M0ngicl e AagRg BT g 5By el o

ol B S -

si.gni ficance of the difference of R in both the,
he %%hg%eﬁég ratige3s Ra e ﬁnltaaeedsbsgwuawbzlng@xtl.’s@ﬁmee  stroke
(left) or - (right)) corresponding to m ni num p-val ue
5 hehdigpheri g athigiRePsphere is identified for all the bands
?gﬁgn t oget her (%tep 23 of Fig. 13). The Mann- Wit ney
test conbines and ranks data fromtwo sanples, say
sanple 1 and sanple 2, and calculates a statistic on
the difference between the sumof the ranks of sanple
Ore syitabls gmpirécabhemisphére pareweater ifygwowld thusi nre@rably b¢ defired in
small (typically p < 0.05) then a statistically
eqBatini (B) gant difference between the two sanpl es nedi ans
can be accepted. Qut of the total 36 cases studied, the
algorithmcorrectly identified the stroke hem sphere
for 33 cases. Mst of the results have significance
valu§% whi chyi ndi cate nore than 90% confi dence. The

| ovs $ifgmi fifgance in sorm, cases coul d be due to a
0 Ry olibutianof (1) high

artifact
where b > 50 and d < 50. (Note that other possible hemisphere functions can be defined
within the scope of the invention. For example, it would be possible to take the
exponential of the fraction in Eqn. (3), or of just its numerator).

15
As for the stage 1 algorithm, equation (3) includes two variables b and d, which may be
optimised. Again, table 1 gives four sets of possible selections B1-B4 for the parameters
b and d. Figure 10 includes, for each of these selections, a respective plot 10-1, 10-2,
10-3, 10-4 of the parameter R, for each hemisphere (step 22 of Fig. 13). Each value Rz

20  is obtained using half of a probable stroke scan slice. The horizontal axis labels the
corresponding probable stroke scan slices of the volume scan. Rp is normalized with

respect to maximum value of R, for all probable stroke scan slices amongst both
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density, i.e. asymmetric artefact |arger than the
stroke area, (ii) small stroke area, and/or (iii)

wo 2008697651 ti ve slices narrowed by first stagePCT/SG2007/000416
processi ng. The second stage process fails when there
Is a huge artifact in the non-stroke hem sphere, e.g.
in volume 3, 29 and 33. Optionally, the significance
of the results can be furthef enhanced by varying the
reference point in different directions. Possible

heatisphefs i0h pefticOlar WRERItR SHEE Tk i¥ Sbginaths follovdh e tagi thdy
to i1dentify the stroke hem sphere in 2-di nensions.

nofhBscl =%Q$niH€Rﬂg(rﬁ&ﬂ[RQeﬁﬁr{]R%.t a created with one of
five different background contrasts, and one of twelve
different types of stroke (lesion, henorrhage and
smal |l to nmedium stroke areas), with a |lesion on the

Left oy, right sjde (as own . for ex le.in . Fig. 11). .
Tn i JOSbigbk PRl 16l ehRRend MR AT SR aovioH bekih Saypterns with
such that a total of 120 slices were obtai ned. The
stara [ $&represprtrthe lsfidremisphetarlosmalRRdws s iscaiveyd greater foo the left

each (2) hem sphere in each slice, i.e., 240 RB val ues

hetBégheRD SHheRbmiihiRry st iQéntiRRIWB $hd @Fdlt8henikphB@. This is clear
stroke hem sphere in 106 out of the 120 inmages. In the

ﬁi‘? @ gh&ﬂ(gf rghélts GBSERy 1 Ot-i],ZaPH B RABE %bﬁﬂeﬂ%%evﬁ%ﬂ e Ii&nsity

sphere was nost equal or ma a
bsgaller %Qﬁg RB in the non-stroke hem sphere. It
P RIETLOSSE e Rat this happens nostly when the size of
the stroke region is small and the artifact intensity
is large. The above described nmethod is therefore
established to be able to significantly identif .
It 5rinfieeesting totnovk at thgonk probablasttpkescal diden famswhigh this
stroke hem sphere froma non-stroke hem sphere for a
differerce iv abividenCh (thatNB tli@nupitetd DI nd 12)argpmapamethct not ground
al gorithm conpletes the sorting within a few seconds.
trdRsldeber platforns |i ke VC++, this can be

By definition, the hemisphere with a higher number of hyperintense pixels is expected

to have a larger value of R ,. Wilcoxon rank sum test (Gibbons JD., Nonparametric
Statistical Inference, 2nd edition, M. Dekker, 1985) (or Mann Whitney U-Test (Mann &
Whitney, Annals of Mathematical Statistics, 18, 50-60) ) is used to measure the
significance of the difference of R ; in both the hemispheres. Depending on the sign of
z-statistic (+ (left) or — (right)) corresponding to minimum p-value the infarct

hemisphere is identified for all the bands taken together (step 23 of Fig. 13).

The Mann-Whitney test combines and ranks data from two samples, say sample 1 and
sample 2, and calculates a statistic on the difference between the sum of the ranks of
sample 1 and sample 2. If the resulting two-tailed p-value is small (typically p < 0.05)
then a statistically significant difference between the two samples medians can be

accepted.
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reduced to a fraction of a second. The tinme required
for segnentation is thereby reduced, by reducing the

w0 nioioed76scan vol unme and identifying the strokeCT/SG2007/000416
hem sphere prior to stroke segnentation. Whilst there
has been described in the foregoing description
preferred enbodi nents of the present invention, it
wi || be understood by those2skilled in the technol ogy
concerned that many variations or nodifications in
details of design or construction nmay be nmade w t hout
departing fromthe present invention. For exanple, the

OUtRF iAo Ry bResMhaREAH: hIRoRARE G&Seog%aﬂléhti@f’éﬂ@ﬁé‘ﬁﬂqk%i ng
ot her imaging instrunments than MR . In fact, it has

[ [cations in any cases where there is an

h#ﬁ%?@%%ﬁ?gsggﬁ%%rence bet ween normal and pat hol ogi ca
regions. In principle, the slice and hem sphere
paraneters used in the enbodi nrent nmay have other forns
al sqQ e.g. .the expaonential_ of nunerator and | og of

Meft ﬁgmeﬁ%%ﬁs hé‘éFhSlngﬁﬁaU&@ valigs Whish IRdisRte BHEs éhaa%to" ¢ eqriglence.
Li kewi se other forms functions of percentiles can be

Thedpw sigaifia@nerin spms sassis sovldrbealue tms cottribhidorepfo)diigl attifact
use ot her reference points in hem sphere

dengdgni.¢.fasgratietrit stefee targg thdvethesisdkesdren)i(fi) amall sttckelakda, and/or
St andard devi ation is enpl oyed above because it is

(i) 184 prastivel sPORAIn@WRE ¥y firf stdgepRoebsihf q&%&&@%ﬁ%&m
not reflect the region of changes of Intensity. e
: [ . [

TR s £ AR Rl AP PR A0ARCR, o' CHEVhRY 3, 20 and

the useful ness of the slice paraneter is clear from

Fig. 15 which conpares the slice paraneter with two

ot her possible paraneters: the nedian of the intensity

(i.e. P50) and the percentile density. The percentile

density distribution is
Optionally, the significance of the results can be further enhanced by varying the

33

reference point in different directions.

Possible sources of error were assessed using a simulated study to identify the stroke
hemisphere in 2-dimensions. This was done using synthetic data created with one of
five different background contrasts, and one of twelve different types of stroke (lesion,
hemorrhage and small to medium stroke areas), with a lesion on the left or right side (as
shown for example in Fig. 11). Images with all probable combinations were created

such that a total of 120 slices were obtained. The value of hemisphere parameter R,
was calculated for each (2) hemisphere in each slice, i.e., 240 R, values were obtained.
The value of R, was larger in the stroke hemisphere in 106 out of the 120 images. In
the remaining 14 cases, the hemisphere parameter R, in the stroke hemisphere was

almost equal or marginally smaller than Rp in the non-stroke hemisphere. It is
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nore sensitive to the region of occurrence of infarct
intensity as conpared to the nedian (e.g., if two
W0 njoatned762 egi ons of same numnber of pixels occuPCT/RGLND000416
different intensity regi ons above the nedi an, the
medi an remai ns unchanged, whereas percentile densities
change in the respective region of infarct
occurrence). Therefore, usiBg both nmedian intensity
and percentile densities (as in the enbodi nent, which
il AR 15 hesHeRSHRIB} Rhet/floRBeR L divks eegimdisamatingd the
percentil e density) enhances the sensitivity of
Ldent]fi.cati results, as conpared to just enploying
m?ﬁ@“ﬁ%@?%ﬁ&ﬂn %nsity,(n just the ratio of the
di fference of percentiles. The robustness of the slice
paraneter is obtained by the percentile ratio, when

conpared to using only the median [ oth.Lhese., ..
Therbpse deeTived Bsthod HEbHEOREENEDRLI bt (i Enibosiy identity

parameters: a slice paraneter R and a hem sphere
prplaabistake sBurBslicesarsito Misginguish aWeolslensisehese Ep@eynon-stroke

di stinguishing trend in R as conpared to the nedian or
hebi§phieas foealgiven vdamsd. On o Miatlab plitferns,i thpbepescdraiigarithm

devi ati on woul d agai n give an overall picture but

' ik ¥ Eevt Secbhis. ORCHRERNARAK like JIOPS tiif can be
Coﬁ%ﬁgsl %tgg?}lrsﬂlﬁl??ﬁd aims 1. A nethod for identifying,

re%l’ifctg? gﬁ')q Iazﬁ;’fllcfé& ok &@or}:@ TR ltlﬁieg%ﬂl%re?mlﬁ@g n®ftiof is thereby

scan Sl ces an here is

i fference .of intensity between .nor &l d : :
re ‘é‘ieﬂoh%@%lﬂ%lpg ﬂéedp&q&c V8 eeatnlglc};i enstlragl(rjl ggige irokp hemisphere prior

whi ch i nclude pathol ogi cal tissue, each scan slice
tostrpkysagmeniAligB- conposed of respective intensity val ues

for each of an array of pixels, the nethod conprising:

(a) obtaining a respective slice paraneter for each

slice, the slice paranmeter characterising the _
WISt thére bk Beentfeséritediin therfsicgbimg defcription profetred efibadiments of

correspondi ng
the present invention, it will be understood by those skilled in the technology concerned
that many variations or modifications in details of design or construction may be made
without departing from the present invention. For example, the method may be extended
to process scans obtained using other imaging instruments than MR DWL. In fact, it has

potential applications in any cases where there is an intensity difference between normal

and pathological regions.

In principle, the slice and hemisphere parameters used in the embodiment may have
other forms also e.g. the exponential of numerator and log of denominator can also be
used for hemisphere detection. Likewise other forms functions of percentiles can be

employed.
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slice; (b) plotting a curve of the slice paraneter for

t he sequence of scan slices; and (c) identifying said
wa@e@n/oed7sres whi ch i ncl ude pathol ogi cal ti SSuePCEBGLN07/000416

the curve, as a range of slices for which the

corresponding slice paranmeter indicates that there is

a relatively high nunber of high intensity pixels. 2.

A met hod according to claim2i in which said

di stribution of intensities excludes pixels having an
Othait g3sibleyvaviatioes dfehownbodigitey 188 othdp e¢fbitencSpoitsi®hiatbphere

according to claiml or claim2 in which said slice

idRAFRIBIELIdcakE %e%nbé%\é&g‘ﬁﬁiddﬁt_ NAEN SthRibR] &VEatRn is employed
relatively high nunber of high intensity pixels, and

abgﬁefgeecﬁﬁs?e it & dit 1%%13?1% aR¥ybAf Eﬁét&%io@ghezc?#%éréféﬁéts %Iolfi] He@ﬁcét the

, and i den g the sFices as

val | ey. 4. .Tet hod according to claim3 in which step
reggyoféhaag?sf&ﬁé&&&, identifying two maxima in the

curve, and identifying a range of slices having two

end points, both end points being between the two

maxi ma. 5. A nmethod according to claim4 in which each
Therethhodimment icaptfues thk gxiswiredtange ofintamity dad tue rptogumient

proxi mate a correspondi ng one of the maxi ma and spaced

sigdniifacint Reslilt0Fer efantple thewxdeftndss of tiR stice parhineter isledrdom Fig.
the other maxi mum and iteratively nodifying the

156A06h 83hFarethe RAENbarktibiet withew8 6@%& SB‘ésﬂQ% p&nxg?ﬁ%gé: ¢ke median

paranmeter is below a threshold val ue. 6,

or BB 0 Y PHEREAAN LR TRESL AL B L i
m(lgg gg’%f't&%ﬁg %}ee;tr%%g%igf %cglfrretngee ot.L irﬁ%aergtsih’ge}gsi 3l aSst croim%%}éd%g the median
(e.g., if two infarct regions of same number of pixels occur in two different intensity
regions above the median, the median remains unchanged, whereas percentile densities
change in the respective region of infarct occurrence). Therefore, using both median
intensity and percentile densities (as in the embodiment, which forms the slice
parameter using both these median and percentile density) enhances the sensitivity of
identification results, as compared to just employing the median intensity, or just the
ratio of the difference of percentiles. The robustness of the slice parameter is obtained
by the percentile ratio, when compared to using only the median. Using both these
characteristics, the embodiment defines two parameters: a slice parameter R and a

hemisphere parameter R , . From Fig. 15, we can see a clear distinguishing trend in R

as compared to the median or the percentile density ratio. The simple standard deviation
would again give an overall picture but would be insensitive to the occurrence of

regions of high intensity.
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7. A nethod according to any preceding claim wherein
the slice paraneter is defined by a function

wW@wpneEsng a ratio of a width of a first bandr@f/S6€z0T000416

intensity distribution, and a width of a second band

of said intensity distribution, said first band of the
intensity distribution being the intensity val ues of

pi xel s which are in a first percentile range in the
intensity distribution, and said second band of the
Claibgnsi ty distribution being the intensity val ues of

pi xel s which are in a second percentile range in the
Nt enci o tp bt _ < .
B o b8 it O A8 oAk Beeing) "
bas eglugalitp afscah shiens @nd amdhigbithere is differeacéd afintensitygbapeen

a) incl udi tali ning the value,.of . the slice . . .
Ca) ahiohal S PeB b Bicledony  suftel Gt Srd §BR soeseria ingpude
t he paRologicAlisCud)diksh ek ideltefll AR08 bEBpoSHI rédPlctive
including plotting a respective said curve for each
r eal ensity Malges foneachnd agarmap o€ pirglsdthd edthnd ¢appprising:

vari ghl.es; - ' ' i i .

! Genf) PR ACErShRRyE Shod iFerb BRH it 33k Sicg pagometer

et hchrateasing thg distribakian of theiinteudiiies o f3hé gixels of the corresponding
identification is made by determ ning the curve which

gi ve¥i%€he greatest nunber of identified slices. 10. A

Bt h . . e . he.
soant) SRR Ll bEUEKARRERAE R B GHPLER DR and
cl ai (n) identifyingsaidh seanslipest Wikt fichale pathobugical sissuafusingtthe curve,
tissue, 12. et hod.accordi ng to..any,.preceding ¢Ja m
vl sl R 7 S BE Bptno R8s SRS s
det efhgiels Beelativel high AuMBbte¥ni SIE AferRfty il N

conprising a plurality of scan slices and in which

there is difference of intensity in nornal

2an d pﬁtngégfﬁfcg%c%é\ldﬁ@g i it 1I f.nl%s}ﬁcﬁ’@e{i& His%@tf%g %% En‘%er%fitiets he}eccludes

brain
pixels having an intensity value below a reference point.

3. A method according to claim 1 or claim 2 in which said slice parameter takes a

low value when there are a relatively high number of high intensity pixels, and
step (c) is performed by identifying a valley in the curve, and identifying the

slices as slices within the valley.

4. A method according to claim 3 in which step (c) is performed by identifying two

maxima in the curve, and identifying a range of slices having two end points,

both end points being between the two maxima.

5. A method according to claim 4 in which each end point is found by selecting a

candidate end point proximate a corresponding one of the maxima and spaced
from that one of the maxima in the direction towards the other maximum, and
iteratively modifying the candidate end point until the gradient of the slice

parameter is below a threshold value.
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pat hol ogi cal region, the nethod conprising: (a)
di viding each of the scan slices into a
wo edoBobsgnt sphere pi xel set and a ri ght hem spheP@I/pG2081/000416

set;

(b) obtaining a respective hem sphere paraneter

for each of the |left-hem sphere and right-hem sphere

pi xel sets of each slice, the hem sphere paraneter
characterising the distributkbn of the intensities of
the pixels of the corresponding slice in the

6cor r aspodil Beohdiit PR ecedifl disil, $HeRImtHei sliBe PLEMBRE is
the pat hol ogical region is in the left hem sphere or
the £¢fed byariuapinn whigh inolurien gt least whe persentilp ef thedntansity

of thﬁ%@?ﬁggﬁﬁg‘?ﬂﬁrt% er over the scan slices is

hi gher

eft-henm sphere pixel sets or the

ri ght hem sphere pi xel sets. 14. A nethod according to

cl ai
excl

r ef eagmed Yl fthetichoontdridhichdtig 6 €. w&tﬁ%ffacﬁr&: %Jggbg éa[i& n

whi ch the feference pdint 1s selected to exc

7

13.in which said distribytion_of intensities )
gthpd aeRondipg in Hy BRFcednEctam, yvhmna@leﬁé%wrameter is

ow

i nt eldnsity gistributiontand ai widgnef 4 secondbandmitspidrinteadty distribution,

t he

A IR FERENE R -

whi cihichGkéihesfiit pdre@sile ANSe REHE ﬁﬂéﬂs'it? d¥tribBn, and said second

intensity distribution as one of its

erms. 17. A

met heRRdEdhe intangity disiibytion bepaithrsinteasitovalges afipials which are in
the DebapeleniBrAREIShelifeh dgfpiof Tunct! on
ro 6f ‘awdth of aftirs

conprising a ra

band of said

intensity distribution, and a width of a second band

of i d jntensit. . . )
8. Sﬁ'metilocl accg{rén){g to claim 7 in which said first and second bands are defined

10.

11.

12.

13.

based on one of more band definition variables, step (a) including obtaining the
value of the slice parameter for each of a plurality of realizations of the one or
more band definition variables, step (b) including plotting a respective said curve
for each realization of the one or more band definition variables, and step (c)

including making said identification using the plurality of curves.

A method according to claim 8 in which said identification is made by

determining the curve which gives the greatest number of identified slices.

A method according to any preceding claim in which the scan is an MR DWI

scan.

A method according to claim 10 in which the pathological tissue is infarct tissue.

A method according to any preceding claim in which the scan is of a brain.

A method for determining, within a volume scan of a brain comprising a

plurality of scan slices and in which there is difference of intensity in normal and
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di stribution, said first band of the intensity
distribution being the intensity values of pixels

wokioshedse in a first percentile range in the PO/BGHIOT/00416

14.

15.

16.

17.

di stribution, and said second band of the intensity

di stribution being the intensity val ues of pixels
which are in a second percentile range in the
intensity distribution.18. Aénethod according to claim
17 in which said first and second bands are defined

bas gdthelvbgivabregfondvike, wigiokl helafsbhért od theiiinaBh&ms tBé ep
(b) including obtaini ngot he val ue of the hem sphere
par RAveLIGbiegione HegretBod¢qmpiisieg; real i zati ons of the

. £ini b . ‘ ; .
on (O TRl B0 S NP oA ool BRE i 1 AR 4 e
sai demepherepiziebsst; 19. A net hod according to claim 17

or ¢l.ai,m.18 in which sai.d . function al.so de d on,

o PR et eERs RricHerd ASHRPiGT ot 3ach OF 116 19 misphere
acc BBk ; 61l @i [ ' n

G C AR AIArOpixel RisTR cdch fite e homihR palindadl

i n whiretteriding thetdigtibeionaf the imsansities of thiegpixals of the gerresponding

22. etho ordi t.0o,any of clains 13 to 18
conﬁﬁ?egllg ge gor%géqnpf%%n%&lls f%ta&%, performed before
st efc)(@lermfing whebd the pshbldglalFeaiont iy ir0fhe 3R AerfilspB@S or the

froma sequence of scan slices by an al gorithm which

i deFight hesyspheshacsprdingtoowhaihar ihe ¢y crageraf dhehenpisphere parameter
nmet . . . ] |

o SodBERRCHER it ek ¥oPlicen MORTEhBre R B B

sl i bemisphera pived badsl according to any one of clainms 1 to
12. 24. A conputer system conprising a processor

arranged to perform a net hod

A method according to claim 13 in which said distribution of intensities excludes

pixels having an intensity value below a reference point.

A method according to claim 14 in which the reference point is selected to

exclude a low intensity peak in the intensity distribution.

A method according to any of claims 13 to 15, wherein the hemisphere
parameter is defined by a function which includes at least one percentile of the

intensity distribution as one of its terms.

A method according to any of claims 13 to 15, wherein the hemisphere
parameter is defined by a function comprising a ratio of a width of a first band of
said intensity distribution, and a width of a second band of said intensity
distribution, said first band of the intensity distribution being the intensity values
of pixels which are in a first percentile range in the intensity distribution, and
said second band of the intensity distribution being the intensity values of pixels

which are in a second percentile range in the intensity distribution.
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according to any preceding claim 25. A conputer
program product conprising a recordi ng nedi um storing
W@ 00p06%62 program i nstructi ons operative to caPCESG2007/000416
conmputer programto performa nethod according to any
of claims 1 to 23.

18.

19.

20.

21.

22.

23.

24.

25.

27

A method according to claim 17 in which said first and second bands are defined
based on one of more band definition variables, step (b) including obtaining the
value of the hemispheré parameter for each of a plurality realizations of the one
or more band definition variables, and in step (c) said average being in

accordance with an average over said realizations.

A method according to claim 17 or claim 18 in which said function also depends

upon a median of the intensity distribution.

A method according to any of claims 14 to 19 in which the scan is an MR DWI

scan.
A method according to claim 20 in which the pathological tissue is infarct tissue.

A method according to any of claims 13 to 18 comprising a pre-processing step,
performed before step (a), of selecting said plurality of scan slices from a
sequence of scan slices by an algorithm which identifies scan slices containing a

stroke.

A method according to claim 22, wherein said plurality of scan slices are
selected from said sequence of scan slices by a method according to any one of

claims 1 to 12.

A computer system comprising a processor arranged to perform a method

according to any preceding claim.

A computer program product comprising a recording medium storing computer
program instructions operative to cause a computer program to perform a

method according to any of claims 1 to 23.



