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WO 2008/069762Pet/SG2007/000416 Method for identifying a
pathological region of a scan, such as an ischemic stroke region of an
MRI scan Reference to Related Application 5This application is related to
our U.S. Provisional Patent Application number 60/873019 the contents of
WvHieost®hereby incorporated herein by reference as if diBEISeH HEWiI16
in their entirety. Technical Field 10The present invention relates to a
method for identifying within a scan, 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
SeRhsligesithat fiay incltude araertdisiiesiams ke segitgehenivesthele for
distinguishing a brain hemlsphere having the stroke region, and systems
and software 15for perfornsggt feaBackground 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 20|schem|c stroke swift identification of the infarcted/stroke region
st sedie! G@iRBe. It is known to perform a magnetic resonance
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TW@@%%Q#%%%W%@%% Rt e
ihole volune sean con3i3ing oL PRI EAa RloR s RRLERe o

in their entirety.

Technical Field

The present invention relates to a method for identifying within a scan, 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.

Backeground

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 DWI generates a whole volume scan consisting of a plurality of

scans slices including the suspected stroke region.
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WO 200R/069762PCTISG20071000416 2 Automatic computerized stroke
region identification techniques have been proposed, aimed at reducing
detection and analysis time compared to manual data processing by an
expert, which may further be subject to human error and observer bias.
woLitesatere2s describes many computerized segmentation REHPEGAEE000416
aimed at reducing total time required for stroke segmentation. For
example, Martel et al., MICCAI, 1679, 22-31, 1999 used a semi-automatic
method to determine infarct volume by diffusion tensorMRI. An adaptive
threshold algorithm incorporating a spatial constraint was used to segment
the images. Li et al., Neuroimage, 23, 1507-1518, 2004 proposed an
10unsupervised segmentation method using multi-scale statistical
AvttassificatiguendepatiticvelionédentiBatiotassiiivgtionhioe diffagiompestdor
MR images. To further reduce the time taken to process scan data, it is
aimiebitabladngeirctdhemstantsts tiolaermams foeiatehdis apetoRainy
actual segmentation of the stroke 15 regions, so as to narrow the focus of
an shpyt.andl dvory tetiabbeisub ah ESIRG R FE N RBIECDSHYREL PolETaR e is
important that the method for reducing the volume shouéd have tg{

h
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ied by obtaining a parameter
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of the Iintensity distribution curve).

segment the images. Li et al., Neuroimage, 23, 1507-1 518, 2004 proposed an

unsupervised segmentation method using multi-scale statistical classification and partial

volume voxel reclassification for diffusion tensor MR images.

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 2 DWI scan (or other

scan in which there is difference of intensity in normal and pathological regions) which
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5A first aspect of the invention proposes in general terms that those slices
of a volume scan which are likely to include infarction (or other
pathological region) are identified by obtaining such a parameter for each
walissarshSelecting a range of slices for hich this parametesdiascyadvesi41s
indicative of a relatively high number of high intensity pixels. 10 A second
aspect of the invention proposes in general terms that an estimate is
made of whether infarction is in the Ie{t- or right-hemisphere of a brain is
made by obtaining such a parameter for each hemisphere, and identifying
I ' ing: roke, . misphere for which this . .
A e O SO S O R
intansityrixelsr 1 eitbelcass: dhe,RArAMEtalManbsrealaHiated hasad oy
ranges of the intensity distribution. These ranges are preferably'not
pterelefined but are selected to maximise sensitivity. 20A 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 Batcspeghosibe nvenitin ipoipeiespatologldatris i fleaehlsean Bdicelume
being an image composed of respective intensity values for each of an
seRyBIhixe Sk ahetpriaghele soppirnter obeapebangicgl semepertivdestifed
arameter for each slice, the slice Parameter characterising the .
HPRERIBE BFterrRRTder sethe isetadielretingira Alicenider Which
008/069762PCT/SC200Q7/Q00416 4 (h) plotting a curve of the slice |
STt S RREE 0 ARy Tl o G410 ool
slices which include pathological tissue using the curve, as a range of
slices for which the corresponding slice parameter indicates that there is a

PelREVEDLEHER SHINATQRIIIP-IYSASHY RIXES tBms that an estimate is made of

whether infarction is in the left- or right-hemisphere of a brain is made by obtaining
such a parameter for each hemisphere, and identifying the hemisphere including the
stroke as the hemisphere for which this 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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A second specific expression of the invention is 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 pathological regions
like, which hemisphere of the brain contains the pathological region, the

worpe@giodwemprising: 10(a) dividing each of the scan sliceshfigS§2007/000416

left-hemisphere pixel set and a ri2ht- hemisphere pixel set; (b)
obtaining a respective hemisphere parameter for each of the
left-hemisphere and right-hemispherg pixel sets of each slice, the
hemisphere parameter characterising the distribution of the intensities of

thedp(xﬂﬂcﬁﬁﬁ@% e@w_esmrﬁ%@e%@&ﬂetéh@ﬁﬂﬁﬁé@w@@gmaﬁmﬁgf,r@{@; ,
an termini whether the, pathologic eqgion IS In the left
MRCE e e S b b R H
' an.slices is higher, for th ,
R O SRS B O Ol et e o

BARNESS ﬁxfﬂh’%ﬂeys!%ﬁaq' RS @ Qmpter system programmed to perform
' ﬁ?%g oth Rk

a met ccording to the invention. This may be any general purpose

computer. Another expression of the invention is a computer proararn

product carrying computer program instructions which may be read by a
Aceropdigriig capyghnertiledmphien 0.2baaus e RIaERERORAING

te erform a method according to the invention. Brief, |

v i B S G R re Tt e B b 1
difiteranef tengiesemeimedatid mathalobisdLithzions kstovd ciricbreisptibr ol the
biPBRRGHE A SRl - ermbadimenkRbbe d&%ﬁggl%;wnl now be described

by way of non-limitative examp[e, the description being with reference to

the d éfﬁﬁé‘i‘ﬁ/ﬁ‘?@h mihetroa slisgviigs 2 ilsiivhfansphere pixel set and a right-

hemisphere pixel set;

(b) obtaining a respective hemisphere parameter for each of the left--hemisphere
and right-hemisphere pixel sets of each slice, the hemisphere parameter characterising
the distribution of the intensities of the pixels of the corresponding 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 left-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 arny 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) o

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

Brief Description of the Drawings
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5Fig. 1 is composed of Fig. 1(a), which is a slice of a DWI volume scan of
a brain subject to a stoke, Fig. 1(b), which shows an image of a slice of a
DWI image of a brain not subject to a stoke, and Figs. 1(c) and 1(d), which
are respectively normalized pixel intensity histograms of the slices of Figs.
wd tagsarnshdab); Fig. 2 is composed of Figs. 2(a) and®{b)lcxtivhoarss
portions of the histograms 100f Figs. 1(c) and 1(d) with various percentile
points marked,; Fig. 3 is a graph of the values of four slice intensity
parameters for the slices of a givensvolume scan; Fig. 4 is the graph of
Fig. 3, indicating probable stroke scan slices; Fig. 5 is a graphical
co risQn, for 36.experi | g i :
I o e B R ot

sRRlSHCAlRREAL OF SRNAVBRGSRECHIRIY Qi Gieed BYNa s then IBmitative

experimental slice volumes; Fig. 7 shows a Receiver Operating
xR GHRIBGIH  eing wittHigkeRiiSca0mipasechefanign S(A)swdivh is an
image of a right hemisphere without 20a stroke, Fig. 8(b), which is an
driwags, of atedh:nemisphere 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
comfogediotdEges@af Bigd 9eh)whikicls ardigsorfia VO themrstetahfshstn
Figs. 8(c) and 8(d) with various percentile points marked; ~ Fig. 10js a
subjegshocepsibinGigh&(OhInbisIehaan dass Rl abiee AGRINERIRARRPE 2 BFdn
parameter, Noithalized R5, for different percentile bands for all %1

d e e .
nol RISt s i SR 8ath g k(o) and Le, which ath ERReRY S IREF &SR RISt

Syn
. scan images havipg combinations of the ne background contrast
GOSN EHTER B S ARE GBS (o) e T

Fig. 2 is composed of Figs. 2(a) and 2(b), which are portions of the histograms
of Figs. 1(c) and 1(d) with various percentile points marked;

Fig. 3 is a graph of the values of four slice intensity parameters for the slices of a
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;
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Fig. 12 shows steps of a first algorithm of the embodiment; Fig. 13 shows
steps of a second algorithm of the embodiment; Fig. 14 composed of
Figs. 14(a) which is synthetic image with a distribution of isointense pixels
and its intensity histogram, and Fig. 14(b) which is a synthetic image with
woaferpigointense pixels replaced by hyperintense pixels aB&Tt8GAtEH}16
histogram, and Fig. 15 illustrates the sensitivity of the slice parameter
as compared to a median or ratio of difference of percentiles.. 15Detailed
Description of the Preferred Embodiments A method which is an
exemplary embodiment of the invention will now be described. The

methad 19 fonidapHiyipg @ sHRkereaionased o characelistictaisphere,
normalized pixel intensity histograms. The method includes an algorithm

of yiabiRiierusenasAr e foceFsinGt el denide Blilprahabipesiroked Boarke
slices from a plurality of scan slices of a 20 whole volume and to eliminate

schidlstsoke slices. The steps of this method are shown in Fig. 12. The
method also includes an algorithm suitable for identifying the brain
hemisphere (bethaadideledt gntigtt hemispiyesdaonntaimibihenstodkee
region. The steps of this method are shown in Fig. 13. 7 Optionally, the

sarepripoignent coutcd éefeliome diffefemt veplootymstational processes.
Examples of such processes are steps of removal of false-positive results,
and Bieség shertasiops itefastalsriAurmétho andetisisgton the fact that the
pixels within the stroke region have higher intensity compared to normal
tissudFetichene stmeRhe frspadple i PRROLREEtroke slices

dt [ Th th

that T LRGSR MRS afé’cf pgton of
tri that brightne d b tif

RO L R B ARk i B DR T f}%?{%e 2

wﬁoyvféwﬁsuﬁﬁ&ég praseasisal ﬂ?@yﬁ@ﬁﬁﬂéﬁ@éﬁ;&%‘aﬁ@ R@ﬂﬁ&ﬁéﬁ
comprising 36 DWI scan volumes were obtained from three different

andources (13 from a first source, one from a second source and two from a
third source, two from a fourth source and 18 from the fifth source) so that
resutgswigrgldaraes Riasadteany MadigidapingtitnentdagoieDW b seatian
volume comprised a plurality of scan slices. The DWI scans had in-plane

or iagolofidiffeehfeom@emitesc 0.9 mm to 2.4

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 left- or right-hemisphere) containing the stroke region. The

steps of this method are shown in Fig. 13.
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mm X 2.4 mm, and slice thickness of 4111m 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 stoke. These 20slices are referred to here as the
woanasngtsuth” ((iT) slices. First stage: Identifying slices comtaisaygo7/000416
probable infarction WO 2008/069762PCT/SG2007/000416 8 The concept
of the algorithm is understood using the following example: Consider thern
scan image shown at the left of Fig.,l14(a), which does not contain an
infarct. This image has the intensity distribution of isointense pixels shown

o dhgiyAL 9&%&9%&1&@@&9& W8 ff&%)&'a%g%‘iﬁtﬂ&f%ﬂﬂlﬁa%ﬂ%ﬂ%@a%%o

Istribation as Prh A ratio A/13 (-1.2) is 5calculated where, A=P90-P60,

BB RT I S Bho bR RICLIEPROEraUARIAST RSEa AL tesulelt plifg.

14(b), can be considered as a fraction of isointense pixels replaced by the
sebyRerAtensepixels. Referring to its intensity histogram, at the right of Fig.
14(b), we observe that the ratio A/B (=0.8) decreases. This happens
because the number of hyperintense pixels increases which causes the
separation of higher percentiles to 10decrease. At the same time,
Titeordasbisrhisedrte tHeelpikibi tmmeeshvdbopheativhogwehayeldahates to
increase. We also observe that the median intensity increases when the
injepiiieiserpize 6 apEnaliistsd WoRsBEhibASEFERMPH ST e ddBElsIn
ange in percentile density is applied to identify the infarct slices in th

h
Sfr@ i EPPREIS 0 MRS THiTRKE PGB B S P itth TS BRA pitutpes that

oG S ech ot the Blwalty of ca siees s omalized. This fpgo as ©

Xtensfy ran in ces, Ina can volumes.

bnl\glg{rrlg@ igé;’vﬂg@ ‘6%1 %ﬂe?céﬁé”s%b%%%ﬁ? é&\)éﬂ in both brain hemispheres.

The method will be explained by reference to how it is used to process real data sets.
Data from 36 patients (cases) comprising 36 DWI scan volumes were obtained from
three different sources (13 from a first source, one from a second source and two from a
third source, two from a fourth source and 18 from the fifth source) so that results were
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

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

First stage: Identifving slices containing probable infarction
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where Ithe maximum intensity and 4, is the minimum intensity of each
slice 20and f is the normalization parameter. In our study we selected f=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

wQplotsadandth 256 bins (it may be any other number also). WB/SG2007/000416
2008/069762PCUSG2007/000416 9 A histogram of normalized pixel
intensity for each of the plurality of scan slices is then obtained. 5Fig. 1(a)
shows a normalised image of a slicegincluding a stroke, while Fig. 1(b)
shows a normalised image of a slice not including a stroke (the

Theesanee/absenteaiansl okecitdbe seislers MasHecHad plamsideHgs.
1(c) and 1(d) show the respective normalized pixel intensity histograms
s&DAMBR2 ORI et Hhatiefisifi@tzldvi@), thaith dede ren cenpainimiefe ¢h ahis image
excluded in order to exclude the effects of the darkest pixels, the majority
hest thhiotensity Wik roond fimetsiThpixelesbove poimsipht oidigiaged of us

Figs 1(a) and 1(b) are shown on Figs. 1(c) and 1(d) as 104, 124. The
viidreterdhgshsenttio A {reinirasiy disteduiomasPul Aviim MBIf M dxiiha

(g\#YHM) f the b_ackl%gound ggak 106, 126. 15 Subsequently the
o aﬁ?ﬂﬁéﬁ%ﬂ%— 0284 15 derle iMteBRT P émagsinel psrige scan af the
left of Fig. 14(b), can be considered as a fraction of isointense pixels replaced by the
hyperintense pixels. Referring to its intensity histogram, at the right of Fig. 14(b), we
observe that the ratio A/B (=0.8) decreases. This happens because the number of
hyperintense pixels increases which causes the separation of higher percentiles to
decrease. At the same time, decrease in isointense pixels causes the separation of lower
percentiles 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.

Priar 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,
I ~1

max min

'[norm = f* - (1)

where [, isthe maximum intensity and /_; is the minimum intensity of each slice

and fis the normalization parameter. In our study we selected f=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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P20 " P 90). P 50 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 20scan slices for a given volume.
wonéaamegthod, the brighter regions in a slice are taken to berthose anoye
P 50, and darker regions are taken to be those below P 50 The intensity
percentiles are marked on intensity histograms of the remaining pixels, as
shown in Figs 2(a) and 2(b). As cangbe seen in Fig. 2(b), a histogram for a
non-stroke 10 slice Fig. 1(b) contains very few pixels that are much
brighter than the 90th percentile (>P 90 ). Fig. 2 also shows the
percentiles to be mainly located in regions 20; 22a where the histogram
Algifighestorathenr iz fReionswab e wheradpahistpgratais Reias then
high. Figs. 2(a) and 2(b) thus have differing distributions of the percentiles,
otpaiittellarly Sthe bright and dark regions of each histogram. Referring to
Fig. 2(a), the median 205 of the histogram of Fig. 2(a) is higher than the
median 225 of the histogram of Fig. 2(b). Furthermore, the increased
number of brighter pixels results in a decrease in the spacing of the higher
Figel¢erailesszopramadsebivessaiasicaihdisa setilhardilading bokbows
lower percentiles 20b. The method employs a parameter R which

& frireakee PO SRRERASICE N HErR dRE M OB SLSiBTESERtIARS RSP QU &P igoke In
neter. 15Sj troke pixel istributi f bright th
R Bt AP L o G RAPrare SrErab Rt e

calcll#ate. Rhtigged onﬁjiﬁi(ijmintensity band. Instead, for each of the

plp ura ft;)r/lsgfyscangéﬁgés of a'given volume, a range of R is calculated,

where, instead of taking the whole band above P50 as a bright region and
the whole band below P 50 as a dark region, a smaller range of pixel

PiREeASIYsRROdswis HB8G 8B rence point were then excluded in order to exclude the
effects of the darkest pixels, the majority of which are background pixels. The reference
points for the images of Figs 1(a) and 1(b) are shown on Figs. 1(c) and 1(d) as 104, 124.
The reference points 104, 124 are selected at the Full Width Half Maxima (FWHM) of

the background peak 106, 126.

Subsequently the remaining pixels were used to derive intensity percentiles (P,
P,y ... Pyo). Py, 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 ;.

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), 2 histogram for a non-stroke
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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

WOtPSt87ity distribution differing by, say, 20% (other JI HolCEStAEN DA%
are possible also). The value of 20% is chosen to ensure that there are a
signficant number of pixels in each band. Slice parameter R may therefore
preferably be given as: 5R D \ 1Ph#0 \ P50+2Q Pd where b>50 and d
< 50. P6+20 -P b is termed the "bright band difference", referring to the

slidgtensityfiaran aiihe topandbatiemmeor vl dhe: brigitidstdiatdntle

histogram, P d420 -P d is termed the "dark band difference”, referring to
e intensivsdifieenar ptrcctiiteiap aldaljastcadin ot shes'deaknandlcof
the histogram. An increase in number of 10 brighter pixels results in an

thOVSIHASE aasasin ey alke efihR sicensmmeliendhisadianlishews the
values of b and d used in an experimental test of the present method.
hidRereentilayalee ®f Bius have differing distributions of the percentiles, particularly

the bright and dark regions of each histogram.

Referring to Fig. 2(a), the median 205 of the histogram of Fig. 2(a) is higher than the
median 225 of the histogram of Fig. 2(b). Furthermore, the increased number 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 lower percentiles 20b.

The method employs a parameter R which indicates this difference. There are many

possible choices for such a parameter.

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 5, as a bright region and the

whole band below P, as a dark region, a smaller range of pixel intensity bands is used.

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
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Bands Value of d , B1 60 10 B2 70 10 B360 7() B470 20 15Table 1:
Percentile bands for different values of b and d For each of the four sets
(B1 to B4) of parameters gven by Table 1, the value of R is found for each

wiisg@fsarsean volume known to include infarcted material ¢gtegcidoHhdoig
12) and plotted as a histogram (step 12 of Fig. 13). Fig. 3 shows the

results, with 20each line corresponding to a respective one of the sets of

parameters. Irrespective of 0"

choices than 20% are possible also). The value of 20% is chosen to ensure that there are
a significant number of pixels in each band. Slice parameter R may therefore preferably

be given as:

R= (LIM) —(2)
Pso F, d+20 T Pd

where b > 50 and d < 50. P, -P, is termed the "bri ght band difference”, referring to

the intensity different of the top and bottom end of the "bright band” of the histogram;

P 400 -P; is termed the "dark band difference”, referring to the intensity difference of

the top and bottom ends of the "dark band” of the histogram. An increase in number of

brighter pixels results in an overall decrease in the value of the slice parameter R.

Table 1 shows the values of b and d used in an experimental test of the present method.

Percentile | Value ofb | Value of d
Bands
Bl 60 10
B2 70 10
B3 60 20
B4 70 20

Table 1: Percentile bands for different values of band 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

each line corresponding to a respective one of the sets of parameters. Irrespective of
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WO 2008/069762PCOSG2007/000416 12 which set of parameters is
chosen, the graph of R contains a flat portion 35 in each curve,
corresponding to probable stroke scan slices. An algorithm to locate the
flat portion 45 (step 13 of Fig. 13) is shown in Fig. 4. 5 Starting from the
WOrRRIpeaT @1, 42, the full half width maxima (FWHM) in the Rfiféeigit7/000416
towards a flat region 45 are found (i.e. the FWHM between the peaks 41,
42). The slices 43,44 closest to these FWHM are found towards the flat
region. For each of these two slicesi43, 44, we perform a respective
search, starting at the slice and moving slice-byslice towards the centre of

wiienflat postiamée st easslie s estimatatie slapepefibe JWparameter

R, taking into account the values of R at that point and to either side, until
cihe,slopespaiingas atobableztiskeSpeaciticaily, considering the search
starting at the slice 43, 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) is considered a first extremum 47. Similarly,

Athdlgasithen tahognieibodleartisatS (s wa ks wiFisck s ImpednFigsécond

extremum 48 as the first slice encountered where the slope is flat (which,

@&é%gfféawh&ra@ﬁﬁ@&&s%ﬁéﬁwg}éﬁéd% grecit Qﬁ‘éﬂ{ bea ‘58 saﬂon
R SRR SRR L
4e’?§?e%r%[ é\%set}ll(g&{l% %g%#% B observ ){lyte{e%g lJse elav% 5}2)2 to? the
UGS RARMRIGLR A HIGEFWITR MR AQRINE A BEREH IGAAOHAPARL G-
slice towards the centre of the flat portion 45. At each slice we estimate the slope of the
parameter R, taking into account the values of R at that point and to either side, waiting
until the slope becomes almost zero. Specifically, considering the search starting at the
slice 43, the first stice 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) 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
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13 volume, using the various possible definitions of R, i.e., for different
values of b and d, will select a slightly different number of probable stroke
scan slices. So as not to lose any probable stroke scan slices, the flat
region 45 is selected according to the definition of R which results in a flat

woegiensdtincluding a maximum number of slices. That is, EtinsGegiumese

in Fig. 4 including a maximum number of slices is considered to be the set
of most probable stroke scan slices: [max (Number of Slices_in_B)]. The
fiat region corresponds to lower valugs of R in the volume. Therefore, by
the definition of R, this region is associated with the slices having a higher

VOBl AP ELINE06:PbER e NUR SRV v Rhesiagthal b Bl sliges

in a volume lie in the flat region. 10 If the number of slices in a volume is

witsselet S)awe dserihresielhPastdipproRER (5 DEeReRk an6t YRllay

are difficult to form when the number of slices is small) to identify infarct
asjipesbabliesstike isnctistdetedta cphiaidsadn seifatet Kddordxib ofibesaait
in a volume). In our study we choose x=10 but it may be any number. It
o§Rouiérh Bisalisoreaifttae thendihbudidies o wasithais ovuhetiofshbheso Fhatsis,
well if, instead of using these four possible definitions of F, it used only a
thg segeos o bRl hEteigding peedry B agmbes pisidenis persilsidds be the set
Table 1. To verify the effectiveness of the embodiment, all 36 scan

ofBiotheebehic steiarerndiconEnes SNvarbearriiyslices ot R ele The fatiegion

264 ground truth slices (i.e. stroke slices marked manually by an expert),
cqFRspetids 6T Ruteryduekel Rittther obisian Thaseprss blidche delsitoaf Rythis

Using the algorithm explained above, a respective flat portion 45 was

TSRARAITST RIS Sy SoRseviecn e sEAahee iR RS aitfte Ve
e TR R AT 248 OPPLoB 6 QTN sces.
mentioned above. The ratio of the number of remaining slices which
If the number of slices in a volume is less (e.g. 8), we use a threshold based approach
(since peak and valley are difficult to form when the number of slices is small) to
identify infarct slices. 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
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
slices were analyzed. Of these there were 264 ground truth slices (i.e. stroke slices
marked manually by an expert). The ratio of actual stroke slices to total number of slices

was 0.33.
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5are ground truth slices, to total number of remaining slices, is thus 0.50.
The results of this processing are shown in Fig. 5 in which the horizontal
axis labels the 36 scan volumes (which are numbered from 1 to 36 in an
arbitrary order), and the vertical axis labels the successive slices of each
wOovl#ne?7The solid vertical lines 51 indicate, for respectiveP§GAPCRONTH8416
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 consecylive slices, so the vertical line 51
corresponding to the first scan volume extends from Ito 31). For each

UsSe Y QIR NG SeHRH Y02 HEPEESRMADEABHRY Hiihsiake flicesn

and the broken lines 53 represent the slices identified by the algorithm as

sc4l QbRiRlY, Gantainioghinfiasstionid @istheliiekesdines sdibshevrherexiret
of the respective flat region 45 of the respective R curve with the widest

in s stigaritdn)e T he @ifbltiviaiessafdieinbodiniesticledalg atdot shed 64
parameters called "Sensitivity”, "Specificity” and "Dice index". The

gr@edditititsli Spevifidiyed atiodicd hnditesMtbear@0bendd aterininly sbfesoviveh
to the ground truth slices, and are defined as follows; Dice Index =2 TPS

arqepgnd prhslicerNSiigharmeiotrmaiess dieatifiehpyie. Jbormpisad

belonging to the flat (e%lpn and B is the number of around truth slices; 15
this processing are shown in Fig. 5 in which the horizontal axis labels the 36 scan

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
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
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
evaluated with reference to the ground truth slices, and are defined as follows;

2TPS
(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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TPS Sensitivity*100 (TPS + FNS) INS Specificity -*100 (TNS + FPS)
where 5 TI'S is the number of True Positive Slices, i.e. ground truth slices
identified as infarct slices by the algorithm; FPS is the number of False
Positive Slices, i.e. slices which are not ground truth slices but are
wadewifiedsas infarct slices by the algorithm; TNS is trenisaberodsic
True Negative Slices, i.e. slices which are not ground truth 10slices and
also identified as non-infarct slices by the algorithm; and FNS is the
number of False Negative Slices, i.g; ground truth slices not identified by
the algorithm as infarct slices. The Dice Index (DSI) of individual images is

proposed as to o tify the overlap between the ground truth slices and
t@@i&@dﬂ?%@ﬁ@ethod, according to the principles set out in
Kelly et al. " idtical 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:flﬁrsk gray bars) and Dice Index (indicated by the light gay

bﬁw):fﬁciaﬂrzefbgisﬁamdimes. The first stage processing detects the
kETSEA i

probable stro es in a volume with 98.1% sensitivity and 51.4%
specificity. The average Dice Index is 0.665. As can be seen, sensitivity is
W}fé?)% in almost all cases. This is important because a pre-

e TPS is the number of True Positive Slices, i.e. ground truth slices identified as
infarct slices by the algorithm;
e TFPS is the number of False Positive Slices, 1.e. slices which are not ground truth
slices but are identified as infarct slices by the algorithm;
¢ TNS is the number of True Negative Slices, i.e. slices which are not ground truth
slices and also identified as non-infarct slices by the algorithm; and
o FNS is the number of False Negative Slices, i.e. ground truth slices not
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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16 processing stage prior to segmentation should have high sensitivity so
that almost all the stroke slices are retained. Specificity is low in cases
which have small stroke area. Optionally, the present algorithm could be
supplemented by a step of confirming the 5 presence of a stroke using

woanether’method with high specificity, such as Griner et al PE#eeaoiendds
Interpretation of Diagnostic Tests and Procedures”, Annals of Internal
Medicine, 94:555-600. Figure 7 shows the parameter "Receiver Operating
Characteristic" (see Hanley et al., }pRadiology, 143:29:36, 1983) defined
as the relationship between sensitivity and 100- specificity. The area

prodBgelthe LUNEy WhihnisIaRie SenRIvE Ohihe ehility#f tiennatheddal the

correctly predict ground truth slices, is 0.77. This value can be determined

straléRI BB ERGYe0f SPRAR(HE Pwhabiits halctkcosast valble efarea
under the curve is only 0.5 is <0.0001). This implies that the slice

parameter R is a fairly good 15classifier of probable stroke scan slices.

Furthermore, it should be appreciated the present method does not have
Optipaaiturthe preyepbatioyidmiaadd brisvanimehied hiuesity i gandraing the

optimised automatically as part of the method), which means that the

Pregeafs o Fsiokmusingiansheransthedivath hish sarralisity ol at Framset al.

<. Second stage: Determination of Hemisphere containing stroke In a
Seletinnratigermealin ¥ ! %ﬁ%i?ﬁaﬂ%ﬁwﬁ?aﬁ%fn’?mé NS LE

the. str %—3 (o) @ization of the stroke hemisphere would further help to
M?%lalt?ge%t ‘égpdgcu ‘of study.

Figure 7 shows the parameter “Receiver Operating Characteristic” (see Hanley et al.,
Radiology, 143:29:36, 1983) defined as the relationship between sensitivity and 100-
specificity. The area under the curve, which is representative of the ability of the
method to correctly predict ground truth slices, is 0.77. This value can be determined
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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WO 2008/069762PCT/5G2007/000416 17 The embodiment does this
again using an empirical parameter (the empirical hemisphere parameter”,
called Rs) characterizing a difference in the distribution of percentiles
between a hemisphere having a stroke region (a "stroke hemisphere™) and
wanheméspaere without a stroke region (a "non-stroke hemisphgre7idoes16
empirical hemisphere parameter RB is devised to quantify characteristics
which are sensitive to the brightest pixels in each of the probable stroke
scan slices. The classifying criterionlils not based on any threshold value
but on the nature (e.g. shape) of the trends. It is assumed that the
' I i [ 0 . Ohemispheres and that
P R e
néstRpnéle phfalbletd), AINIORALLAR, RIANE T8 ARE SEAN Y U RE B ution of
determined, e.g. using software developed by Nowinsld et al., Academic
pRegitlagyi3(hh 2eAkpR2463inE adkefdhesRrohatiect ake SpRGSHCRS I
a volume is divided into 15two (left- and right-hemispheres) using the
henidpheittatiilane, stesudtiegjdn @ fefinheotispbriehixel)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
The emiese] hswirbisroparpersBs, indeviseede mvenifiickatiotadstics which are
t-hemjsphere pixel set, Figs. R(a) and 8(b) are normalized images of

igh .
s n%é“r‘fﬁ -t Bright SRl R aE HicrrodRP r sy dsmste wiesabls stroke
lice. Figs..8 d (d) show thei di lized pixel
o S RS O e R B Bt FEG PRamer

f o} ' r, ren oint for each histogram is selected, such
tht%g?%% %%e%%%%?né%%%@%%&%%% thE're 3%(%%8391 %8.‘}% %ﬁtgl%eglected.

ndhspiRieienaemoiita selreteldabaineana@ley Sl Rakiahabigher

intensity than the respective background peak 813, 823 of eac
histogram. In a preferred embodiment, the reference point is selected to
be 3 a- of the background peak from the background maximum (a. 5 is the

Insterstandperdptiony. Fikid 35, abidnastay App orimatingriheibackground

peak (peak 106 in Fig.1) to a Gaussian distribution, and obtaining from
dereninidtle. Bl aisingescifrventE-dei-tipat biyeNbadkdgrioaat, peakigateRhtiology,
technique explained at http.//en.wikipedia.orglwilciirFull_width_achalf
13,4 PRaiAs He6d s Saghnediha Bolsd R stvlserare ficasdathavthmekatvidediteo
for the reference point is not very important, but it
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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10should be in or near the valley 811, 821 since choosing a very high
reference point will lead to a statistically insignificant number of pixels.
Fig. 9(a) and 9(b) are histograms of the intensities of pixels (neglecting
pixels with an intensity below the reference point) for the two respective
worgmigpheres. The remaining 15pixels are used to derive REEHSiBP07/000416
percentiles, which are shown in Fig. 9(a) and 9(b) as P10, P 20P 90 .
There are very few bright pixels in case of a non-stroke hemisphere (Fig.
8(a)), and in Fig. 9(b) most of the pjxels are concentrated in a middle
brightness band 921 characterized by mutat tissue regions. By contrast,

pixhiehisiogiamdoniie srakehersispharsitrige SEBIReludRS Fsigiisant
number of pixels in a brightness 20 band 911 with a normalised intensity

is @reatandtamifl Asieasl besseandiophdrigeB(o) thad Bedksirethigher
percentiles are well separated in the stroke hemisphere (Fig. 9(a))

badnopadastdb §ha, A28 «teakteisnygsphdrea(picfeB6d)ymiQiBince tipdgeference
observed that higher percentiles are more separated in stroke regions

poisdinpelesteddrionistrokdhebicks;oimsl pail Gpthéspacksrurhighsmun (o

_ tgercentiles to the spacing of lower ggrcentiles is greater for stroke

18 i

e RSP devinbpnh IS R Hees B RRPEITAtEths Rask Bevrtprak (peak
enhanced by multiplying by Pa stroke 5 hemisphere_has a%}' her P50,

100 Sileaiia SRSTHCET RESEReTe R SEr REhbtid e priferabiy
ERERE I B.AEAN0R (AR AR B a0 2 a0 4 +20 Pd
http://en.wikipedia.org/wiki/Full_width_at half maximum, accessed Nov. 13,2007).
We have found that the exact choice for the reference point is not very important, but it
should be in or near the valley 811, 821 since choosing a very high reference point will

lead to a statistically insignificant number of pixels.

Fig. 9(a) 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 Pog .oo. 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)).
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--(3) 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 itsnumerator). 15 As for the stage 1 algorithm, equation (3) includes
wonoezasabies b and d, which may be optimised. Again, tatdetisgines/donn ¢
sets of possible selections B1-134 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 RE for each hgmisphere (step 22 of Fig. 13) Each
value RB 20is obtained using half of a probable stroke scan slice. The

sHQrRDI B AReIR M6 SaUssRANAING RLARSRIG Qe SEAR Sliges of the

volume scan. RB is normalized with respect to maximum value of RB for

Rl Rrebahie sHAle 56a5:8IERS AN BNEst DRt 20 REMISBERISRIR & the

particular intensity band. This is done in the following way: the normalised

spREdREinintREmaxiRapain[RBhoke aisddehlagksireles:bae
represent the right hemisphere and broken gray stems with stars 180

hempigrent Teslefihemisphetecroimabaed RelipBinvays dieatesdfasthideft
hemisphere, so this hemisphere can be identified as the stroke

héﬁgﬂ@&@g@.a%&s}%ear from any one of plots 10-1 to 10-4, and thus can
be obtained whichever of the intensity bands is used to define /?B. 10lt is
interesting to note that the only probable stroke scan slices from which
this difference is not evidence (that is slice numbers 11 and 12) are in

ORCWALIACLRGHA R UMIB Slichs. &y JeTRBIaR dihe Rerpisnh et Ain

higher number of hyperintense pixels is'expected
equation (3) as:

P = F,
R.=pP | =020 b —(3
B SO(BMO__P[{] ()

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).

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

respect to maximum value of R, for all probable stroke scan slices amongst both
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15to have a larger value of R s . 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
WOdiffg e of R3 in both the hemispheres. Depending on {&SigH 000416
z-statistic (2- (left) or - (right)) corresponding to minimum p-value the
infarct 20hemisphere is identified for all the bands taken together (step 23
of Fig. 13). The Mann-Whitney teshgombines and ranks data from two
samples, say sample 1 and sample 2, and calculates a statistic on the
hedifisaRe e ReveaNthasHMyOl S Tanks absam e bianed:sompletd If the
resulting two-tailed p-value is small (typically p <0.05) 25then a statistically
nofighiecary diffgrenge HptweeRihedyy® gamples medians can be accepted.
WO 2008/069762PCT/SG2007/000416 21 Out of the total 36 cases
studied, the algorithm correctly identified the stroke hemisphere for 33
cases. 5Most of the results have significance values which indicate more
In figin! O0vedoritidentel wrecsow birishtheedsphesmmed bigken urdBRTNERo
a contribution of (i) high artifact density, i.e. asymmetric artefact larger
sta 4§ A repsokdbaried impisharesiloraalied Bndsoimysarsepdenibe Biices
narrowed by first stage processing. The second stage process fails when
heppisphers.shihicharirrbens oA brodeatire ardheishnir GoBigPhargolbings sles
and 1,333. O{)tionall , the significance of the results can be f rtg%g,r ,
rogh AN 0B 05 méﬂr-e”rfe%té@sp%mwhﬁﬁaﬁémfaﬁ%%ﬁaﬁi PEeYBle
sources of errar were assessed using a simulated study to identify the
bag olﬁélﬁ?é)ﬁ?éﬁ(ﬁg?gﬁﬁ 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

it AR NAles AN ORIBeHET LA Blda (RS ﬁﬁ%!vﬁoﬁgfxﬁﬁémﬁig in Fig.

11). Images with all probable combinations were create
difference is not evidence (that is slice numbers 11 and 12) are in actual fact not ground

truth slices.

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, Amnals 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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20such that a total of 120 slices were obtained. The value of hemisphere
parameter RB was calculated for each (2) hemisphere in each slice, i.e.,
240 R values were obtained. The value of RB was larger in the stroke
hemisphere in 106 out of the 120 images. In the remaining 14 cases, the
whassphese parameter RE in the stroke hemisphere was atmgst:equabors
marginally smaller than R3 in the non-stroke hemisphere. It is WO
2008/069762PCT/SG2007/008416 22 understood that this happens
mostly when the size of the stroke gegion is small and the artifact intensity
is large. The above described method is therefore established to be able
to significantly identify 5probable stroke scan slices and to distinguish a
stroke hemisphere from a non-stroke hemisphere for a given volume. On
O Mﬁi@@tﬂ%@%&stﬁﬁ@é&ﬁﬁé%@ﬁfﬁ%ﬂ%ﬁé&%@ﬂ@ﬁﬁﬁéﬂﬁxé@fiﬁm within a
few seconds. On other platforms like Vet+, this can be reduced to a
hefragiier: bo3seeesd. The time required for segmentation is thereby
reduced, by reducing the initial scan volume and identifying the stroke
hemisphere prior 10to stroke segmentation. Whilst there has been
described in the foregoing description preferred embodiments of the
Mewesfthe ivvdttiorveisigilifisenge delistovtipy tbeseskitesdtian AR tersmidiogy-
concerned that many variations or modifications in details of design or
ThedputrignibranrayboRiect SRR s oy Hviomel thdughartifact
invention. For example, the method may be extended to process scans

dep Rt R S G S RS TG Sh T MRS SOl AR DR AL APales afefroand/or

.. tial licati i h th i int ity diff

R R R B B P 0 L B RE B0 o e e Th b AT
emi er r i i f

il SIEPREE R AEREHEAIL I0F SO AR e AeHE et S W ing

33used for hemisphere detection. Likewise other forms functions of
percentiles can be employed.

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

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 Rpin the non-stroke hemisphere. 1t is
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23 Other possible variations of the embodiment use other reference points
in hemisphere identification selecting the most significant result. Standard
deviation is employed above because it is obtained from an overall picture
of the data and does not reflect the region of changes of intensity. 5 The
wogniisodiment captures the maximum change of intensity aPfdrth@)07/000416
produces significant results. For example, the usefulness of the slice
parameter is clear from Fig. 15 which compares the slice parameter with
two other possible parameters: the,median of the intensity (i.e. P50) and
the percentile density. The percentile density distribution is 10more
unGELRN B0 dhe R AlaseutenaR o iniereban somaarad a.
e median (e.g., It two infarct regions of same number of pixels occur in

artTHQ differentinigpsity 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 =~
Théapavamsteibadingthatis thesdoneasiablished pebcalitdoriaripyehhdsdsy
the sensitivity of identification results, as compared to just employing the
probetliastroke ssinslivejust teadisting s esaerbABs R iosn AR FHE®©
robustness of the slice parameter is obtained by the percentile ratio, when
heggenpereciote sixmyvehRpehETsddMise Dl BolAGRERS séf?é‘%%?é]?@tics, the

embodiment defines two parameters: a slice meter
coRHRIEpHE ARG FEPTOFICEIG: C8 U D G e b

trend in R.as compared t ed.ian t ile.densj i0. The
QN AT R e o . e e

1e | u%ga%%if\é%&t?c%gg RIS LIERIORSQl AR iRtans itk ol hetlidPhért prior

to stroke segmentation.

Whilst there has been described in the foregoing description preferred embodiments of
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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Claims 1. An automated method for identifying, within a 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
wheindoasrdgnage composed of respective intensity values feeegedco/ai41s
array of pixels, the method comprising: (a) obtaining (11) a respective
slice parameter (R) for each slice; characterized in that said obtaining step
(a) uses percentiles of the distributig 100f the intensity of the pixels of the
corresponding slices, the slice parameter (R.) characterising the shape of
olfie istiuien.eLls inenientbe ople sl ibe conssponding sice
Andrin that: the me ocs urther comprises e)rgeneraﬁl]i’g 525 a curve ofé

idtheRlEe PARMAIERRI A DG SEAENGE A SEANSHSRRHANE LAY yed

Identifying (13) said scan slices which include pathological tissue using

abthR 9%&%@@@&%&&%&&%5@%&5@&&%@%&%@9&@ R &lics reflect the
parameter (R) indicates that there is a relatively high number of high

refitanRFIhpixe o Zatbnit@thod according to claim 1 in which said distribution
of intensities excludes 20pixels 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
Tlot titpledimentigppises| § camesrm(ehasgserfortersdtp yrid Envstyiraglecealley in
_the curve, and identifying the slices as slices 25within the valley. 4. A
sigrEtr eebrding seretale theinsailemss Righe sisperrnsiadi b sae hamiRig:
two maxima in the curve, and identifying a range of slices havin two?j%r;g

L pBIHES, SO S OES BT SEEE T & tralRifReran S et
ofa%ﬁg ?ﬁr cﬁl’;l]g]e toﬁgé%%nﬂfarllg %%gr%c%%g e Sgrcljsi? O.I L:S fé%lélgn lff%/ ggslﬁc%'&n%uﬁ n is

can tproxi € a corresponding one of the maxima an

mrg#éai%ig’q%én%% %;é%lﬁﬁf‘@@cﬁ%%ﬁ@éti]ﬂﬂ%t‘ﬁ{gﬁéﬁ?ya@%%ﬁ&é@?o‘%ﬂ%%adian
, y modifying the candidate ‘end point until the
(eFadiant firihe RliESns of same number of pixels ocour 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 thgbse
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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35parameter is below a threshold value. WO
2008/069762PCT/SG2007/000416 25 6,A method according to any
preceding claim, wherein the slice parameter is defined by a function MCSLLP
which includes at least one percentile gf; the intensity distribution as one of
dg;igEms. 57.A method according to any preceding claim, wherein the slice
‘parameter is defined by a function comprising a ratio of a width of a tirst

band of said intensity distribution, and a width of a second band of said
intensity? aEBUES A LB fREidsaHE BeiTd thiteh ¥Rl B 65U GBMNE G fgquence
intensity ¥plues©fixels Wbésharenin@d siaercamie:raBgeindhgty between
intensit dISF‘EIlgHtIOHi ?nd siaud second Jb(%bt%r}cga% tsggnlrsl ensit dﬁtr'tﬁlﬁgon

being tHEA ensipfil Varies bf pixetd Wiichare it a secoﬁ%af)erégnfﬁé ﬁge

in the wténkig;iccdlstismnmh&@mémddiag@oriuiingetooaﬁa'nfma o mlj@.ﬁi.slaidtensity
first ang secend hands, Aredeliper Hased AuiRne. of paishand definition

variables, step (a) including obtaining the 15value of the slice parameter

for eadh 6Pt frsasdatforis LPIISHE B 96 E8Bandefinition

variablgs,-steRidel includinginloting ia S RrRLE MR SAM CURALOb AR istribution
realization of the gne qr more ban finition variables, and step (c

includif tﬁdﬁfﬁasé%ﬁé’?&%ﬁﬁf?é%lﬁd’g Y?Egr‘iﬁrfﬁ@’fimw‘b“feéu%%él.%i(d’)&"amem ®)
methochaceoanding ihckauped finhwidietibetid ide i datiositissmditie Pyels of the
deterng:igljrrégp%hn%l%térs ?C\e/\;/hich gives the greatest number of identified slices.
and in that: the method further comprises (b) generating (12) a curve of the slice
parameter (R) for the sequence of scan slices; and
(c) identifying (13) said scan slices which include pathological tissue using the
curve, as a range of slices for which the corresponding slice parameter (R) indicates

that there is a relatively high number of high intensity pixels.

2. A method according to claim 1 in which said distribution of intensities excludes

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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10. A method according to any preceding claim which the scan is an MR
DWI scan. 25 11. A method according to claim 10 in which the MCSLLP
pathological tissue is infarct tissue. 12. A method according to any
preceding claim in which the scan is of a brain. 3013.A method for

waaeesitiierg, within a volume scan of a brain comprising afsliifidizgoa0ecdmn

slices and in which there is difference of intensity in normal and Mcsup 26
pathological regions, which hemisphere of the brain contains the
pathological region, the method comgyising: (a) dividing each of the scan
slices into a left-hemisphere pixel set and aright-hemisphere pixel set;

62(D) obtRiiAG ALBSRR wemm%lgﬂamﬁ%ﬁﬁ%ee@&@ Srtheter is

left-hem Isphere and rlght hemisphere plxe sets of each slice, the
hemigfs # M&%ﬁaﬁ%@ {59 S ARBAERSAINE e of

the pl&ﬁt&lﬁitidilﬁa@m’mesﬁﬂmfﬁﬂgssllce in the corresponding hemisphere;
and (c) determining whether the pathological region is in the left
hemisphere or the 10right hemisphere according to whether the average
Tof th%@@ﬂg@}mrﬁm&m@@rpreceding claim, wherein the slice 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.

8. A method according to claim 7 in which said first and second bands are defined
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.

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

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

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

scan.
11. A method according to claim 10 in which the pathological tissue is infarct tissue.
12, A method according to any preceding claim in which the scan is of a brain.

13. 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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over the scan slices is higher for the left-hemisphere pixel sets or the
right-hemisphere pixel sets. 14. A method according to claim 13 in which

said distribution of intensities excludes 15pixels having an intensity value

below a reference point. 15. A method according to claim 14 in which th CSLLE
reference point is selected to exclude &low intensity peak in the intensity
distribution. 2016.A method according to any of claims 13 to 15, wherein

the hemmisfibgie pardosterisdefineshhyra donativnwhishdnclyges.atdeastal
one percentile of the intensity distribution as one of its terms. 17.A method
accor&%ﬁﬁ?otgﬁy)gf%giﬁ??fg%gﬁ, wherein the hemisphere 25parameter
is defifagdibidmfurctiarf damprisihigea iationdé &-hddiisifetefprsichasichod aaight-

|nteq3{gmqé%%gt%%té?gél%gg a width of a second band of said intensity

distribution; saidfirst band of the intensity distribution being the intensity
valueshyfopirelsnghichy@raiie adinstpiercentitencangirdbie dfithadift-hemisphere
distribytion. A sadsecand pand ot inensily dlsiibwion helna.he
Intensity vdlues of pixels 30which are In a second perc lle range in he
intensitydistritaitiothe [EEABNIDVWOIRODS06626 2PBT (SGROOMBOA# G ponding
97 Slice in the corresponding hemisphere; and

(c) 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 left-hemisphere pixel sets or the right-

hemisphere pixel sets.

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

pixels having an intensity value below a reference point.

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

exclude a low intensity peak in the intensity distribution.

16. 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.

17. 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.

IPEA/AU
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18.A method according to claim 17 in which said first and second bands
are defined based on one of more band definition variables, step (WCSLLP
including obtaining the value of the hemisphere parameter for each of a
plurality realizations of the one or more band definition variables, and in

Wete9geySaitd average being in 5accordance with an avera§€o¥ez8aiepo416
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 24 to 19 in which the scan is an MR
DWI scan. A method according to claim 20 in which the pathological

18ssue imimiaicidisatigg & Brahad ﬁ%ﬁi}f@ﬁ@iﬁ@éﬂ Q@éﬁ&ﬁo&&}@aﬂf&ieﬁmd
comprising a pre-processin .perfoin efore ste , of selecting
ot TP ST R e B AR O8eo SR by Aprmine o
algoritidoe whithhicteistifies poamshcés cochaiNinguaasinokeliZetnethddhe one
accordli | - ' id_plurali ' re selected
from Eéqa{i}c%géé%%l%rr]@ceé %Iﬁggagéﬁ s%é%egs%@gg %@éﬁ%@ﬁg&%ﬁ%@%@% lgﬁf/% one of
claimsaotdance Kithom gutEIEe PSR HriciemiFalingh processor arranged to

perform a method according to any preceding claim. A computer program
roduct comprising a recogding{ medium storing computer program

st LS ASFATIRES Siattel 4 LorHbthdP Bt SBush 6 HBHGHIR A RoctrRends

acconging dmadignod falad insdstiy 2i3tribution,

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

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

22. 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.

23, 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 1to 12.

24, A computer system comprising a processor arranged to perform a method

according to any preceding claim.

25. 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.



