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Enbodi nents of the invention generally relate to a nethod and a

devi ce for processing a conputed tonography neasurenent result. 10
Background of the invention Accurate and pronpt detection of an

acut e i nf ar cMefhodd apd slevigee fisah CapasAmined tenry terh @Iy raphn
result is typically of high inpartance far decision making in the
energency room 15 Due to lim gﬁﬁﬁﬁﬁq (%(ﬁe mages, there are
practically no autonmated approaches for unenhanced CT scans.

Mor eover, the sensitivity of unenhanced CT results in detecting
stroke i £424Y 2ovEhReInEBIBIGBt hods for deternining characteristics
of body regions, e.g. determining whether a body region is 20
afflicted by.an illness such as an infarct, are desirable. Summary of
t he i nverimmodinenne ehibdde nentenaioet edefal 1pr sekssengoaacnapibedand
25 tonngraeﬂ¥ nmeasurenent result is g&ovidgd t he conmput ed t onography
measur emght T tX TP IRFFTS BT nk efieTPY L £9r teBeAr 9BRY| MBpSHrement
plurality&ofimoxels, wherein the nmethod includes: determning, for
each- intensity of a range of intensities, the nunber of voxels of the
plurality of voxels for which the 30 intensity has been determ ned

and i teNég j Eg ggg erj g of a target body region based on the
dete?ﬁin hfiouhd T LRer OnpIuraIity of voxels.

Accurate and prompt detection of an acute infarct based on an

unenhanced computed tomography (CT) scan result is typicaliy
of high importance for decision making in the emergency room.
15 Due to limited quality of CT images, there are practically no
automated approaches for unenhanced CT scans. Moreover, the
sensitivity of unenhanced CT results in detecting stroke is
‘ very low. Reliable methods for determining characteristics of
body regions, e.g. determining whether a body region is

20 afflicted by an illness such as an infarct, are desirable.

Summary of the invention

In one embodiment, a method for processing a computed

25 tomography measurement result is provided, the computed
tomography measurement result including a intensity for each
voxel of alplurality'of.voxels, wherein the method includes:
determining, for each intensity of a range of intensities,
the number of voxels of the plurality of voxels for which the

30 intensity has been determined and détermining a
characteristic of a target body region based on the

determined numbers of voxels of the plurality of voxels.



WO 2011/ 142725PCT/ SG2011/ 000184 2 Short description of the figures
|11 ustratWQaluM4dB@Pnent s of the invention are expl ai ned PEESGAIII0PES4
reference to the drawings. 5 Figure 1 sgoms a flow di agram accordi ng
to an enbodi nent. Figure 2 shows a processing device according to
an . enbodi nent . 10 Figure 3 shovvs a flow diagram according to an
enbodi menthoxt gdeecninhbon affLhe Higyram according to an embodi nent.
15 Figure-5 shows a first hlstogran1and a second hi stogram accordi ng
to an enbodi rent. Figure 6 shows a first histogramand a second

hi st ogr ani btest da ngv¢ oemnoeimedt seaf . thegtineeitsbanara tkpwadhadr 8@ ow
accordi n fo an enbodi ment, Figure 8 shows a diagram of CTp val ues
accor di ng %Epaﬁe SHFFreh? . LR gaF@YondRows a flow di agram accor di ng
to an5enbod|nent Figure 10 illustrates the correlation of n_ratio

with the infarct vol une.
Figure T shows a flow diagram according to an embodiment.

Figure 2 shows a processing device according to an
embodlment
10

Figute 3 shows a flow diagram accbrding to an embodiment.
Figure 4 shows a flow diagram according to an embodiment.

15 Figure 5 shows a first histogram and a second histogram

according to an embodiment.

Figure 6 shows a first histogram and a second histogram

according to an embodiment.

20
Figure 7 shows a flow diagram according to an embodiment.
Figure 8 shows a diagram of CTp values according to an
embodiment.

25
Figure 9 shows a flow diagram according to an embodiment.
Figure 10 illustrates the correlation of n ratio with the
infarct volume.

30

Figure 11 illustrates correlation between the value of

n _ratio and the slice ground truth area (for the axial case).



WO 2011/ 142725PCT/ SG2011/ 000184 3 Figure 12 gives an illustration to
show | oc VP28 dA726f cuboi ds, estimating maxi num area sPCTECIHI/000184
volume. Figure 13 illustrates an exaan% of two cuboid regions (wth
i nner hi gher confidence and outer |ower “confidence). Figure 14
illustrates the correlation of the volume of the inner cuboid and the
ground trEABER| LAegiyeSDRRal LéusgEsEAPpt ten SA@@orl@ic]r?Qltzatdm@_ of
enbodi ment ut r ntlf an_infarct region,
Iocallze an ?f?§r0§§?%§?5%9§nﬁgg F ggspa E( gﬁargéygﬁlstics of
an infarct region 15(generally a target body regions such as a body
regi-on aff]icted ?y ﬁg i | | ness) based on (unenhanced) conputed

t omogr aphiyt $¢Ehs! %ﬁtrﬁﬁ%ﬁraPn@XPEPéﬁeoénﬁﬁﬂlﬁﬁﬁpldarﬁﬁﬂéﬂﬁtéwlth
(denoked idhdhen ] ght PUEORr PefrdcPBBMBLEL Of of8 r LB i BARLS! M NOd
based on a change™ i n hlstogran1 aracteristics of unen ced CT

i mges'in the parenchynae intensity range. The change in the shape of
ot 00r am N, & P 9L PALEDOINIR b2, LERL ISR DY AT SEYLR' SEALEL

inner cuboid and the ground truth volume.

iO Detailed description

- According to one embodiment, an automated approach to
identify an infarct region, localize an infarct region andl
estimate spatial characteristics of an infarct region

15 (generally a target body regions such as a body region
afflicted by an illness) based on (unenhanced) computed
tomography scans is used. According to one embodiment, a
parameter (denoted in the following as CT parameter or as
CTp) 1s determined based on a change in histogram

20 characteristics of unenhanced CT images in the parenchyma
intensity range. The change in the shape of histogram when a
part of pareﬁchyma is replaced by an acute infarct region is
according to one embodiment captured through the change in
percentile distribution, mean intensity and the ratio of

25 number of voxels in different inténsity ranges. The CT
parameter is for example used to estimate the acute infarct
(bréin) hemisphere and the acute infarct slices in axial,
coronal and sagittal planes. This enables localization of a

| cuboid volume of interest encompassing the acute infarct
30 region. Further, according to one embodiment, the change in
numpber of voxels in the acute infarct intensity region is
utilized to calibrate it with the ground truth volume of the

infarct to construct a model equation to estimate an acute



according to one enbodi nent captured through the change in

percent i INEO@PE{14RBEt i on, mean intensity and the rati o oPCZSGAUMHIN1SHT
voxels in different intensity ranges. The CT paraneter is for

exanpl e used.to estinmate the acute infarct (brain) hem sphere and
the acute infarct slices in axial, coronal and sagittal planes. This
enabl es 0T atYOHTEE "l theiboi L yeniEn®f 1t nt Brest mencoepagshihght he

acute i nf E ! to on odi nent

change |nqr{r§j%trﬁ)tgdqmr ggv%{(be séjrlg%lp?ehies chﬁ gaf?%\rctf?ﬁt%ﬂbwg’/l?‘éb}:gnlf’s
utilized gemenaltibrattehd tgwdin tweu g otegh drisit B vatwoe of faheti shar ct
to construct -a nodel equat| on-to estinate an acute

s}
2011) 142 PISPERNSER0 £ 00 828 UL G 69T 1OV of IR G t PRUTCRERHERR | RgYi be
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anbiguity in- generating the ground tr regl ons acu
unenhanced tAMa tsel Valdrddtheorr & i omfa mamgnmmlaam@e\ fmyChe in the

questi onabl e The cor e infarct be for | e esti mat ed
from t he &% or@ rﬁ.ﬂ# ﬁ%que Q,i%q/?% t h%h%xéé"l’ng) 9&drbhat"and

sagi ttal n@wéqs o fThgxanges ﬂ%t%&q{%{s&fcgpxﬂﬁ?é Md Pee Lutilized
hypoi nt ense CSF range may be utilized to detect swelling 1n the dat ta.

A-priori ticdétiefite Aed InED il Zatiaon, Aastiomt i btenti Siedtiog,
acutleol nf t (]‘.ecme 0 to eg%iodl nent s_ can abI e
doctors |l% t%ll\é%%g%gld ae{}q.' ecl sllcg)nngocilpn:’r lnlgl ener g cg/erlo%#ﬁrﬁ %Cﬁ
be not ed ahlﬂiatcelnrtee'l'aldﬂﬁgeﬂ,ng rttcertsnl:tqdzlreerai§azél¢5 gred1eT ¢ egbd o8BS in to
"densit So i ntens al so he read as densit i ntense as dense
or |nt e%g\iaﬂ(l egUgL ?(d Jtelrrlg‘ls in the emergency roor%/

It should be noted that in CT images, intensity is also

15 referred to as "density". So intensity may also be read as

density, intense as dense or intensities as densities.

According to one embodiment, a method for processing a
computed tomography measurement result is provided as

20 illustrated in figure 1.
Figure 1 shows a flow diagram 100 according to an embodiment.

The flow diagram 100 illustrates a method for processing a
25 computed tomography measurement result, the computed
tomography measurement result including an intensity for each

. voxel of a plurality of voxels.

In 101, for each intensity of a range of intensities, the
30  number of voxels of the plurality of voxels is determined for

which the intensity has been determined.



According to one enbodi nent, a nethod for processing a conputed

t onogr apyOoBHgeBYent result is provided as 20 il | ustraCedcGzmifongss e
1. Figure 1 shows a flow diagram 100 acgording to an enbodi nent. The
flow diagram 100 illustrates a nethod for processing a 25 conputed

t onogr aphy measurenment result, the conputed tonography neasurenent
result ind ulldhg archarapeserystoe efich vaxgktobodyplkagabnt ysof

voxel s. | 01.. for .each intensit f a.range of intensities, the 30
nunber(ﬁd§ﬁ%£h%ﬁ?é ??%F%I%?a???yg%EEE%%E?Q PEmyELar 'nEBXFiP ﬂEiEﬁe
the intensidnalhiasy beenveed e m ned. WO 2011/ 142725PCT/ SG2011/ 000184 5

In 102, a characteristic of a target body region is detern ned based
on the determ ned nunbers of voxels of the plurality of voxels.

Il ustratqw | r r Lt ] et i pe ften, in [ IS
of vogd}sléiﬁﬁf%éhigéy%yygf %*r%%%%gbf§£P%€eﬁépg¥%§“%§cﬁ?g.O% Fgr
may be seen e ioff enstdys hi sdclyr antefiof t yhefboly regyenof _
corresponding to the.plurality of voxels (i.e. the body region for ,
whi ch conpth=Y torfoyr Hat B hastay PeefcgRndfatedNteNgity hyfhagram .

head, e. o HH hdy'! fH@iéb§f@£p&§d9n$r.@é>”tﬂé%?ﬁ?%{]g%ggo@ beak s

hem sphere slice). Fromtihis intensity distributi acteristrc
of a tar gét-sodyha dyidih, regipn t her bodych egbopubed at paographyhdabadias
al it oxels or a bo

o0 O, S A PR S 01EL3 08 B P! LB,
such as a brain hemisphere or a brain hemisphere slice). From
this intensity distribution a characteristic of a target body
region, e.g. the body region or a part of the body region
corresponding to the plurality of voxels or a body region

15 including the body region corresponding to the plurality of
- voxels, is determined, for example by cohparing the intensity
distribution with a reference intensity distribution, e.g. an
intensity distribution ;hat would be expected for the body
region, or an intensity distribution of another body region
20 (e.g. another brain part, such as the other brain hemisphere

or a slice of the other brain hemisphere).

The computed tomography measurement result may include the
inﬁensities for example in the form of grayscale values or
25 also in the form of an absorption coefficient (absorption
factor) of a voxel. A voxel can be understood as a “three-
- dimensional pixel”, in other words an element of a three-
dimensional grid, or, equivalently, a volume element in
" three-dimensional space. A body region may be understood as a
30 part of a body (e.g. a human body). A range of intensities
may be understood as a range of intensity values that may be
continuous or non-continuous and may be discrete with a

certain resclution.



voxel s, is determ ned, for exanple by conparing the intensity

di stri butWOrROWKR724 reference intensity distribution, ePgI/S&n011/000184
intensity distribution that woul d be exgected for the body region, or
an intensity distribution of another body region 20(e.g. another
brain part, such as the other brain hem sphere or a slice of the

ot her brain hem sphere). The conputed tonography neasurenent result

may i ncl ude . Jntensjities for.example in_the formof grayscale
val ues o?gﬁghgﬁggfiﬁ téééf%#%?%%m%%ggbgg?p??%ﬂu 88P¥P@Pgﬁ?¥ﬁy
(absor pt ingga Sadmen t of esuVoXxehrtRe ¥ OXeE1 GABs bEnUNHEEREQQY BSrdeach

“three-dinensional pixel", in other words an elenent of a
t hr ee- di HEG o Yrivether RHEFIAI BNt PY, vaxebsupaderbaEALni Ahe method

t hr eecdi i l 4 i on n asca_3 rt
of & Body (oIt i Tenades MpPENRIRERGT BBY, DRcl PREShOEE)5e e RaREE
under st oadf @ tersigeof i emshbyr vaf uvesxéhat offayhbefaethepuplisrality
non-conti nuous and ﬁ%% q§ﬂg%50rete wth a certain resolution. WO
2011/ 142 5P Hoot the chrtrhgity B2 BRBBJPREREMIDAE.

conmput ed d PR NP Al SRV e OSWhbe 4T b RepokBEL UJES+ R bﬁ.‘EEQﬂw '
for each voxel of a further plurality of voxels and wherein the

met hod f Wit Werxd kil ardbst ketde e pinhiged f owmearh ohtensely of nheafigetbér

intensiti -t he. furth | lity of
For o o g TRE R b el (B e Tt CEhpr hE Ehé e bR heo
nunber s afhevigetoibddie il ibysed yoxehs aosuibecdetrents@farison.

nunbers of voxels of the further 10 plurality of voxels, and
determ ning the characteristic of the target body regi on based on the

resul t 0&H€“¥d¥¥ﬁ€¥iﬁ%ﬂkalif@“bfL%éi@isFﬁéﬁaféfyeggT%PéeéérP%¥p395 to

exanpl e correspond to anot her” body region an the plurality
voxel s, engpther (EdylFdaast thaartheofplehel Ot heof bvakalbene sphete. (at

The SEMPULSLS UL AV AR STRNL 9B Rl xam o fnclude an

further includes selecting the
The computed tomography measurement result may for example
include an intensity for each voxel of a multiplicity of
voxels and the method further includes selecting the

20 plurality of voxels and the further plurality of voxels from

the multiplicity of voxels. For example, the multiplicity of
voxels correéponds to the whole.brain and the plurality of

voxels and the further plurality of voxels are selected as

the brain hemispheres.

25
In one embodiment, determining the characterisfig of the
target body fegion includes determining whether the target
body region is afflicted by an i;lness (or in other words a
disease). |

30

Determining the characteristic of the target body region may
for example include estimating a size of a part of the target

body region.



20 plurality of voxels and the further plurality of voxels fromthe
mul ti pli cWORoOi149T28el s. For exanple, the multiplicity oPCYiSKe013/000184
corresponds to the whole brain and the glurality of voxels and the
further plurality of voxels are selected as the brain hem spheres. 25
I n one enbodi nent, determ ning the characteristic of the target body
regi on includes deternining whet her the target body region is

afflicted,b i es in_ot her words a,disease). 30 Determning
t he charggy%r?%¥?c gf ﬁﬁ t?ﬁ?%@tbﬁgﬁyr?%bPBnlﬁa OFQF§€?B$ﬁI€ PﬁfFuBg
estimati nthed 154 Z8e @fb@dgafé g 9bnt Hert argel Bgdxnr €91 ABss X\Qr disease).
2011/ 142725PCT/ SG2011/ 000184 7 The part of the target body region is

for exanple a part of the target body region affllcted by an illness

di
(b ags erradsndEeg £ 0o % 805 SRS, R er AR RON L BdehABerrgrinate

posi ti on «f thea m@rge@fbéw tag geh brdyunesgi @QtaifnétmtgedhEypaaition of -
illness, The'illness (or disease) is for exan?le an infarct. 10 For
exanpl e, acﬁ@%r%tt}b%dya%@?dw% ReoieaseiAlpakedobyt AB BLaNASSe. g.
a brain hemisphere or a slice of a brain henisphere. 15 In one

enbodi nent, determning the characteristic of the target body region
i ncl udes et erhimengy (hetdescdder eis sfbracnaspiel anginfiatbe.target
body . regi on. Accordlng to one enbodi nent, determining the
charééterlstlc

For example, the target body region is at least a part of the
" brain, e.g. a brain hemisphere or a slice of a brain

hemisphere.

15 1In one embodiment, determining the characteristic of the
target bedy region includes determining whether there is

brain swelling in the target body region.

According to one embodiment, determining the characteristic
20 of the target body region includes determining a numerical
parameter indicative of the characteristic of the target body

region.

Determining the characteristic of the target body region for
25 example includes comparing the determined numerical parameter

with a reference value of the numerical parameter.

For example, the reference value of the numerical parameter
is a value of the numerical parameter determined for another

30 body region than the target body region.

In one embodiment, the numerical parameter 1s determined

based on the determined numbers of voxels. For example, the



20 of the target body region includes determ ning a nuneri cal

par amet erWPR8118d2725e of the characteristic of the targePCBHSEIAHH0I8H.
Determ ning the characteristic of the target body region for 25
exanpl e i ncludes conparing the determ ned nunerical paraneter with a
reference value of the nunerical paraneter. For exanpl e, the

ref erence'WBRTkCdt PRABAMBREFi tal dphramined bgsgdvahuetofieglss one of a
nuneri cal t d L.ned.f ther 3 ody_regien.than the

t ar get bd“y£§2§?o§59|ﬁ&ﬁ%§}§ 8d?%§§?? ?hgrngﬁgrFégﬁepgraﬁEngsﬁgles’
det er m neal hasiahn oot t hiee detebar sedfnuskels ofevoxiksrahge exanpl e,
the WO 2011/ 142725PCT/ SG2011/000184 8 nunerical paranmeter is

det er m netP HRREHE bRS at 21 BASICoRE BifheRBARSST ofhBeRGRABEL S e6f OfokbEs
over the riier ot eRStL! 69¢ A HBULARGR! oENERRUALEES Ol URKCLS (¥Eh
the range of ‘intensities, a ratio of I Pferences o percéntiles o

t he nunbers mimlvexel af ovexelheof adjéfetennt enbi-rengesand aheatibagef of
nunbers of voxels. of different sub-ranges of the range of -
intensiti%&f?qSltl%%e nmet hod may further include receiving the
conput ed 10 tonography neasurenent result. According to one

enbodi ment, a:nmethod for processing a conputed tonpgraphy nmeasurenent
resul t i sThR el nae forpeedinrehuvde aphgeheasdr ehencompstied

i nclydin i i ea el of a plurality of voxels,
mherg?n ?ﬁgﬂﬁgﬁﬂ%ﬁ?fﬁ% %g%%R%g?e$%$%?§g a first subgroup of the
plurality of voxels and a second subgroup of the plurality of voxels;
determ ning, for each intensity, of a range of intensities, the nunber
of voxehﬁé%°¥$kpqi?%to%ﬁmﬁﬂ% 1BENGoxdl BeEBPI 26O RPEACERBLINGEL Bnsi ty
has been AgiRI¥ENLmeE S hddsuf OheRBCHEQL NS5t ¥ 8] i BehanNgR e Of
intensities, the nunber of voxels of the second subgroup of voxels
for whi cirairaten eemagr sy beens deement neesutbnmpacingingeadeietanagty
nunbetrs Q e firs p.and the determ ned,_25 nupber,s
of vgéelg&% <%§§g%g%g<§%5%H%Hgggg%gyd%?e€%¥%?ﬁg-5§%ﬁg%%cF%?i@? Oy
a target ibatyudeyidetdasadion 4 heiresustbgfotibeototparps@pality of

voxels and a second subgroup of the plurality of voxels:
determining, for each intensity of a range of intensities,
the number of voxels of the first subgroup of wvoxels for

20 which the intensity has been determined;  determining, for
each intensity of a range of intensities, the number of
voxels of the second subgroup of voxels for which the
intensity has been determined; comparing the determined
numbers of voxels of the first subgroup and the determined

25 numbers of voxels of the second subgroup; and
determining a characteristic of a target body regiocon based on

. the result of the comparison.

The method described with reference to figure 1 is for

30 example carried out by a device as illustrated in figure 2.

Figure 2 shows a processing device 200 according to an

embodiment.



The nethod described with reference to figure 1 is for 30 exanple
carried oMP BIW/H2YS8vice as illustrated in figure 2. Fi gREE/SS2QNHIKIZH
processi ng device 200 according to an egbodlnent WO
2011/-142725PCT/ 8G2011/ 000184 9 The devi €e 200 is a device for
processi ng a conputed tonography neasurenent result, the conputed

t onogr aphy neasurenent result including an intensity for each voxel

of a pl umé'aéfv%ev%@' £s IN8a0euloeog0B, LRelUdRy gofc'o@gﬁedmensuy

determning circuit con i gure ermn

of a rangecrodégrapleysntassrenbptnuabail tof thexebspak ethe oplogtalphly of
voxel s 10 for which the i tenS|i¥ has been determ ned. The device
200 furt HEFATAEFDRRE Le8R Bnana diREnPRgIBFRESALY £0F E8Rhi yored o6 2

detergi ngoPuEBI B¢t &F i $6k€19f a target body region based on the
det erm'ned nunbers of:-voxel's of the 15 plurality of voxels. In an

enbodi nent, ‘a" circuit" may be understood as any kind of a logic

STt SO AT 240 el TR e SPEELE SBHERRTRSLT BULLEY,000R oy

conbi natlcwhﬁf@m@cﬂ tJhtisteining esbodhBRNEntansEtyCHiEt & FBYgREE
har d-wi red Ioglc circuit or a programrable.logic circuit such as a

pr ogr ammeb Bt bekdSorthe. Bumae i ef oppveessef thegplur@diphert voxels

sor t d I nst t
Set %E%B%?@? (RI'SC e%r%%%%?’ PhagcneSh SEFé‘rﬁ?QQSFSO nstr uc i on

processor executing software, e.g. any kind of conputer progran1 e.g.
a conput rogram usj a virtual hi ne code such as e.g. Java.
Di f fier ent Qé)4%%%??téﬁé%?ﬁﬁ?%?gol%%faﬁ%?eﬁeﬁ?%ﬂ“ﬂy Fﬁér§éﬁéng circuit
Zorrpotnﬁntzokze %:enﬂﬁ’g@repdi OESS$OF e BR1 KX CE UERABa VO d5EE 8T 6P 2 PEQYLBFBh0qy
ny othér kind of
Y region based on the determined numbers of voxels of the

15 plurality of wvoxels.

In an embodiment, a "circuit" may be understood as any kind
of a logic implementing entity, which may be special purpose
circuitry or a processor executing software stored in a

20 memory, firmware, or any combination thereof. Thus, in an
embodiment, a “circuit" may be a hard-wired logic circuit or
a programmabie logic circuit such as a programmable
processor, e.g. a microprocessor (e.g. a Complex Instruction
Set Computer (CISC) processor or a Reduced Instruction Set

25 Computer (RISC) processor). A "circuit" may also be a
processor executing software, e.g. any kind of computer
program, e.g. a computer program Using a virtual machine code
such as e.g. Java. Different circuits can thus also be
implemented by the same component, e.g. by a processor

30 executing two different programs. Any other kind of

o implementation of the respective functions which will be
described in more detail below may also be understood as a

"circuit" in accordance with an alternative embodiment.



i npl enentation of the respective functions which will be described in
nore det avD 2bBlVEd72ay al so be understood as a "circuit" PCI/SEeTIANEBL e
with an alternative enbodi nent. WD 2011/142725PCT/ SG011/000184 10
The device 200 may further include an input for receiving the
conput ed t onography neasurenment result. The device 200 nay al so

i nclude a display for displaying the conputed tonography measurement

result a I n u t.of .the processin
|nd|cat|2ﬂh%f&?ﬂ£§§hgggc |§ i SF fHSlFQFgép BORA gﬁfoﬁ%CFﬁV§W8UF@e
be not ed ¢$m@u6@@oﬂcmagtapdgsméabaeemanﬁo@b@&utofTk% e it bod LAy
processi ng a conput ed..t onogr aphy nmeasurenent result are analogously

valid fordt$e Heviederdrdprpéey¥siny diephpuiad tbrogoaphy ek ismogrephy
resul. a%é{é&femgﬁéaregm "oHLdebur bgh) 08 G eflel 185 3800% dg?\%yt 0

an enbodi ment, a conputer program produ Whén execute

conput er, pﬁdbaakemgthe gon@uténdpeatmbn1afnehbodha&a&témﬁgtha Q@fethe
enbodi nent of %25 %arlous enbodi ments is provi ded. According to one
enbodi nent?*E et PdY 5891PPustrated in figure 3 is carried out. 20
Figure 3 shows a flow di agram'300 according to an enbodi ment. In
301, a conput.ed tonography scan of an individual patient is-carried
out . In(ﬁ¢u#hQM#@sbean@bﬁ@utbdttembgdamhytSSdﬁeasmbedemn centaxti ed

out In ned_whet her the ent has, been afflicted
by aRCi nrareime el 57 chPREEP e ad: ¢ ban e X Biba paky Reapyrenent
det er mi nesk 4 ed éh@ Prélegbubds veehdafblki eheddbyide @Bri phakeksin¥0a
2011/142725PCT/862011/000184
_ computed tomography measurement result and vice versa. It
’ shou;d further be noted that according to an embodiment, a
computer program product which, when executed by a computer,

15 makes the computer perform a method according to one

embodiment of the various embodiments is provided.

According to one embodiment, a method as illustrated in
figure 3 1is carried out,

20

Figure 3 shows a flow diagram 300 according to an embodiment.

In 301, a computed tomography scan of an individual patient
is carried out. In other words, a computed tomography

'~ 25 measurement is carried out.

. In 302, it is determined whether the patient has been
afflicted by an infarct. The following is carried out in case
that it is determined that the patient has been afflicted by

30 an infarct.



11 In 303, the afflicted region, for exanple the afflicted

hem spherwoefii4e2sune of interest in which the afflictedTisegonanoiiss

| ocated, is localized. 1In 304, it is detected whether there is
swel I'ing of the region afflicted by thelilnfarct. In 305, the core
and/or center of the region afflicted by the infarct is estinmated. 10
I n 306, the 36Bwnmehef aflié icegidoreafifdn, ctfedt kane d RftRy ciffilSicted
estimated,. For hhe estinatiggylstatistical paranet er val ues derived

from past "BREFRAEL8aPE 307OMMPebOIudBdeTEStTHE rbdiah $her adifligo=d o

306 may bgeghaphisahbyadiap! ayed i-a13984.6. 9. as a stroke CAD
(conputer aided design) inmage. According to one enbodinment, a

conput ed tonogr aphy paraneter, referred to as CIp is determ ned, for

plee f L fer - dy r.eqi .g. brain hemi.sph h
Chat Bt of heb 8 botie AF CREAEE SR8 CBE L REBGUY T SFae P e

det er m negde§yoronpaLisead whethedynragicen for which the conputed
t onography paraneter is determned (e.g. a brain hem sphere) is
referred to as the region of interest (RO) in the follow ng. 25 The

conput ed gE aphy . p r y r-egian_is.forexanpl
deternine%ﬁggggﬂ gﬁeaeh?gféggé%?cggggggt85 %g% Eﬁﬁgogogé%ﬁggﬁgﬁ_byhghe
hi st ograminfadet ei g1 asdihered.range of intensities that is of

i nter.est and/or of relevance with 30 regard to the information and/or

bodyl egion characteristic to be determ ned. WO
2011/ 142729P806 S XZRA 1;890h840%2the region afflicted by the infarct is

estimated. For the estimation, statistical parameter values

Ny derijéd from past paﬁient data 307 may be used.

15 The results of all 303 to 306 may be graphically displayed in

308, e.g. as a stroke CAD (computer aided design) image.

According to one embodiment, a computed tomography parameter,
referred to as CTp is determined, for example for different
20 body regions {e.g. brain hemispheres) such that information
about at least one of the body regions can be determined by
comparison., The body region for‘which the computed tomography
parameter is determined (e.g. a brain hémisphere) is referred
to as the region of interest (ROI) in the following.
25
| The computed tomography parameter for a body region is for
. example determined based on a histogram calculated for this
_ body region. The histogram is determined for a range of
intensities that is. of interest and/or of relevance with
730 regard to the information and/or body region characteristic

to be determined.



The determ nation of the conputed tonography paraneter is for exanple
done accowv@izati/xd726he flow illustrated in figure 4. Fi geCESG26M0ME8A
fl ow di agram 400 according to an enbodipgnt. In 401, the region of.
interest is determned, e.g. a slice or brain hem sphere, etc. In
402, the intensity range to be studied for the region of 10 interest
is set, fUreSarpirinatioel afethhechPnpensit temogiraphy paremehgmais for

(i.ncl udin ' e r tt \ and _cer.ebr ospi na
fluid ( %{%}h% ‘E@I‘éex% é%%%%ﬁ%‘n %s§58§mFB§SFR§Fdf F i gggure 4.
intensities. 15 In 403, . as described in nore detail below, one or
more ratios of differences_of percentiles of different body regions
(e.g. of THEES0?! hEhepher 859V afbages®r fPRedccshdhng £at ro pmbadanesd .
by Prg 20 1n 404, a nedian or a nmean of the intensities of -the region
of interest (i.e. of the voxels corresponding to the region of -

i nterest)In sAet erhe neeyionh noB0Sntéhest ai s odet ethenadpber gof avexeks or
for whiech an 25 intensity in the acute infarct intensity range has '
been det é ?ﬁﬁpeﬂﬁp%%ﬁb%ﬁﬁbe?t%f voxel s for which an intensity in

the white matter intensity range and the gray matter intensity range
is determned. This ratio is denoted in the followng as n_ratio. 30
In 406, the 4Ghpuihel v bphyr pagante dpe CTpudsedefernthedrégionhhef

regi pp of. i t, o] t_| a_part of .the results of.403,
104, Pand 0L D Db e 2B SRbp 15 o445 thes HEE B REAGE! B
of the vaHeysapardangier 6indbhdithdgeti e cRapué ed (FRIPYE aRRYmpaL aget er
CTp based on r%%{on of interest histograns is explained in nore

detail in@He 819 SFIRPIRIRIRRE et {©SF) jupdsto exclude hypo

- intense cerebrospinal- fluid intensities.

15 In 403, as described in meore detail below, one or more ratios
of differences of percentiles of different body regions (e.g.
of the two hemispheres) are determined. Such a ratio is

denoted by P _r.

20 In 404, a median or a mean of the intensities of the region
of interest (i.e. of the voxels corresponding'to the region

of interest) is determined.

In 405, the ratio of the number of voxels for which an
' 25 intensity in the acute infarct intensity range has been
determined and the number of voxels for which an intensity in
. the white matter intensity range and the gray matter
intensity range is determined. This ratio is denoted in the
‘following as n_ratio.
30 . o
In 4086, the éomputed tomography parameter CTp is determined
for the region of interest based on at least a part of the

results of 403, 404, and 405.



Figure 5 shows a first histogram 501 and a second hi st ogram 502

accor di ngvoaorvi4grdodi nent. 10 The histograns 501, 502 pCr8stoanecishe
change in histogram characteristics due 50 an acute infarct. The
regions of interest are in this i || ustrafion hem spheres on an axi al
slice. The first histogram 501 is the histogramfor the right

hem sphere which is in this exanple afflicted by an infarct 15 and

t he seco i stogram 502 is the histogramfor the | eft hem sphere.
Intensitgﬂrgéi%ggggl%f ﬁ%ﬁaptofFﬁoﬁ?ﬁ °3§i§a§6§egﬁ5§tﬁaciﬂﬁﬁgﬂ Gge
voxel s (féwmpﬁné&lﬁbﬁ@@i@pﬂylp&?@ﬁétHrWQQEZQagéaebﬂlQ@ fBraskreflerest

increases along a vertical_ axis 504. To obtain the hisfograns
present ed'iFt 39 EANS 55 erpladhedphereorat dasptilesnatbepfotéewedot with

obtai g t t [ eviation of the intensities of the
cereb?osgﬁaai,ggﬁgﬁﬂ?dﬁ?%% genoted as (CSFnean, CSFstd), of white
matter (NM denoted as (Whean, Wwstd), and of gray matter (GV
denoted”qigécmME n,. Gwstd),. The hem spheres nay be obtained on an
axi al sl icEIRF 30 TPt At hpSt Rl vt assePt PAE prana. saeesddhhgtearame
enbodi merdg2 fcLasihders sphesfnddifent O €ach region of interest,

whi ch nmay be 'seen as a sub-group of the total set of voxels),
percenti-les, mean intensity (or nmedian) and the WO

2011/ 142725PG [0 4 14, f | t he, te inf t
L ehdl R T e aT o netl 2 Thi DS S ve HRech et foft SipAgan

ways: ' characteristics due to an acute infarct. The regions of

,jintepest are-in this illustration hemispheres on an axial

jisliéef The first histogram 501 is the histogram for the rigﬁt

" hemisphere which is in this example afflicted by an infarct
15 and the second histogram 502 is the histogram for the left

hemisphere.

Intensity increases along a horizontal axis 503 and the
number of voxels (for which a certain intensity was

20 determined/measured) increases along a vertical axis 504.

To obtain the histograms preseneed in figure 5, the
hemisphere intensities are processed to obtain the mean and
standard deviation of the intensities of the cerebrospinal
'25 fluid (CSF) denoted as (CSFmean, CSFstd), of white matter
(WM) denoted as (WMmean, WMstd), and of gray matter (GM)
. denoted as (GMmean, GMstd).
-The hemispheres may be obtained on an axial slice by
3O calculating the midsagittal plane. According to one
embodiment, for each hemisphere (i.e. for each region of
interest, which may be seen as a sub-group of the total set

of voxels), percentiles, mean intensity (or median) and the



(i)Percentile ratios: The region of interest is considered in an

i nt ensi t yWoaAte1483725as to i ncl ude CSF, WM and GM (and ex@Che20mmo01s4
intense CSF), .e.g. an intensity range [CSFnean, Gvhean+l. 96G\Vst d]
(denoted as [L1, L3] in figure 5) and e percentiles are determ ned
(indi cated by rectangul ar 505 for the left heni sphere and by

triangul angnper ehevekghs hanibphecetienihifguce Shtehsit@CPRanc@nsret he
mean acute infarct .region lies in_ hyper _intense F.and hypo intense
Mwlintens??gg¥%h%%Q'Tﬁbési@aﬁiP?eg8ﬁ ﬁpoﬁ%ﬁR §&§§§lﬂﬁeW§§§éute
infarcts shpw upe oeést deet het D68t NTRAr eBgMY¥ABRCKENE BRSKEY tF 33069130 dered
focus may be on the changes in the. highest percentiles. 15However in

CT, for cal cul at® it hetpef LWt FpRIeatPosds Hensneduds PEF, f BMugnidsGM

according to on di _th esckh | gwest _to.lower .m ddle
percegtiles. Thﬁgﬁgggggggﬁéeﬁ?%% §?§§§Q§f58§20r§é ce?Br 1REGPE T Kr APREe

i ntensity anong(d3Eméant enGiméss+df 9bgPetdi ntaesetE€SFas20acyt €3] in
infarct, VIMand GMis_towards the |lower mddle intensities. Changes
in the intensitidE6f ?hed W MARPEIFIRLELSS apEer epFeEMERern (ERdicated

middie to highast RECCshlgs. 585 16E cPhe COOPL NALYOOSHAL PERGERYI I oS
di fferences in nunerator” and denom nator may be 25considered to
derive the maxitnumrdghifs chor- tesutight P8OispPE0e For feganpl 6) .t ba

AT R e e AR R W A T

nunerator is -iicf@esedCandaidusypdi snfefis€ammbenexpest @drhAghe This

30l arger in the infarct hem sphere.. It should be noted that in figure

5, 015, 5R D15, 54 different from MR scans where acute infarcts show up
Loutside the brain parenchyma'intensify ranges and focus
may be on the changes in the‘highest percentiles.

15 However in CT, for calculating the percentile ratios,
denoted as P_r, focus is according to one embodiment on
the changes in lowest to lower middle percentiles. This
is because the order of occurrence of acute infarct
intensity among the intensities of hyper intense CSF,

20 acute infarct, WM and GM is towards the lower middle
intensities. Changes in the intensities of the WM and
GM voxeis are reflected iﬁ the middle to highest
percentiles. Different combinations of percentiles
differences in numerator and denominator may be

25 ~considered to derive the maximum significant results.

Pso — B50
P15 - B5

a P_r. In case that there are more voxels due to acute

For example, the combinations may be used as

infarct the denominator is decreased and numerator is
increased and thus this P r can be expected to be
30 ‘larger in the infarct hemisphere.

It should be noted that in figure 5, D1&5R,D1&5L



WO 2011/ 142725PCT/ SG2011/ 000184 15 denote the difference between the
15t h and WORpére®BAtile for the right (superscript R hegrschenaiaad
| eft (superscript L) hem sphere, respecLEver, and D60, 50R and

D60, 50Ldenote the difference between the”60th and 50th percentile for
the for the right (superscript R) hem sphere and | eft (superscript

L) heni sphere, dERRECHNE!ds rEEtdndbALIRALANC D! 29SDL ygl sERTar ct

Typically, the acute infarct causes the nean intensity of the infarct
10hem spher e t @araownl.€ siocethder Gihantsihtroxel st bREonembhypbere and

i ntense due to . nfargction). Therefore, according to one, enbodi nent,
the nean int ens]i@tn{’: of 3% "bJrP‘b‘fﬁﬁ rﬁ%?’e%ﬁ?h?’éeusﬁﬁsﬁa%?tﬂ%gg)’m Mg
the CT paraneter forgthe regionjof interest. Alternatively, 15the
medi an i nt ensi t36m50t B FedBorb BTG dste iyt berered potween the
determ ning the CT paraneter for. the region of interest. (iii) Ratio
of nubber of vects.am BOYH epeptanetiensbypiaal kel eads righvoxel s in
an intensity range 20i nterval of about [CSFnean, WMmrean], replacing
NM and GM i nt-enSURPRAEIRE Fhd¢hishReIhetidphetle CawWPEResr Bkpekt ed

to have nore 'vqg@,{i%ﬁ}.[b@’ it ensi y\ﬁgwge interval of about [ CSFnean,
e

Wvhean] as conpared to non-infarct sphere (this intensity range
i s indicatidd 25manMediargelrftromity tof (hiardt gulTerbyal By mitee | ycute
since a.loss -of, voxels in the NM and GM intensjt ca

y range be
expect ed, the ¢ CRRRGET % B§R° ilrﬁtaﬁrﬁl%n?épﬂg‘? e 1521 5hi cal Iy
conpapativel y hawelsgHeddito r@ngeowmhi$ihds dmsli @at £64 by thex & page

fromL2 to L3.in 30figure 5). So, a ratio of the nunber of voxels
bet ween j_become ypo 1intense due to infarction). Therefore,
i ‘:Zacchding to one embodiment, the mean intensity of a
.region'of interest is used for determining the CT
parameter for the region of interest. Alternatively,

15 the median intensity of the region of interest may be
used for determining the CT parameter for the region of
interest.

{iii) Ratio of number of voxels. An acute infarction
typically leads to voxels in an intensity range

20 interval of about [CSFmean, WMmean],'replacing WM and
GM intensity voxels. The infarct hemisphere can thus
expected to have more voxels in an intensity range
interval of about [CSFmean, WMmean] as compared to non-
infarct hemisphere (this intensity range is indicated

25 by the range from L1 to L2 in figure 5). Similarly;
since a loss of voxels in the WM and GM intensity range
can be expected, the number of voxels in the infarct
hemisphere is typically comparatively lower in this
‘range (which is indicated by the range from L2 to L3 in

30 figure 5). S0, a ratio of the number of voxels between

Ll and L2 (denoted by N cw) to the number of voxels

in the range from L2 to L3 (denoted by N _wg) can be



Li and L2 (denoted by N _ cw) to the nunber of voxels in the range
from L2 twolBidendsted by N _ wg ) can be WO PCT/SG2011/000184
2011/ 142725PCT/ SG2011/ 000184 16 expected to be larger in the infarct
henmi sphere. , R" L n It should be noted®hat cw | Ncw denote the
nunber of voxels in the intensity range [L1, L2] in the right
(superscript Rehpotspbiete nadlabgekein €nupengakicht hkhnikphiegpher e,
respectively, and NwgR, hMgL denote the nunber of voxels in [L2, L3]

the right (superscript.R) ere ang;th& | gft Isuperscri
heni sp%er e, res{fec‘?h ’i g b? US’ %‘tl‘{ PRfLneteY (Clipw Iﬁ‘eﬁﬁéeeﬁg@dpﬁﬁ#@?
a CT paraneter Olﬁé"g%:{%‘nfg ‘g_ﬁ) ?ﬁEﬁﬁg%l ze the Rrgsepse 9 Lpfarct .
. e nge 1n right
according to Pr ,
(superscrlpt R) hemisphere and the left (superscript L)

ECRE f:hemlspberer respectively, and ngR,ngL denote the

j:number'of voxels in [LZ, L3] the right (superscript R)
" hemisphere and the left (superscript L)} hemisphere,
respectively.
(iv);.CT Parameter (CTp): In one embodiment, a CT parameter
id | . is défined to characterize the presence of infarct

. .according to

P
P Mn cg N wg . (1)

15 wherein P_r is the ratio of difference of percentiles,
Mn_cg is the mean intensity or a median intensity of
(the voxels of} the region of interest (e.qg.
hemisphere), N cw is the number of voxels in the
intensity range mean CSF to mean WM and N wg is the
20 number of voxels in the intensity range mean WM to

upper limit of GM (say GMmean+1.96GMstd)

Equation (1) may be seen as a definition of the CT parameter
in rather simple terms. In general, the CT parameter may be

25 defined as a function of a combination

CTp = £ _ 1, Mn _cg, N _cw, N _ wg) (2)

such that CTp increases (or decreases) due to presence of

30 acute infarct. Also Mn_cg could be a mean or a median, P_r



(1) 15wherein Pr is the ratio of difference of percentiles, M_cg
is the n2df 2DH{ERESty or a nedian intensity of (the vox@C3/S6R01110pe@s4
region of interest (e.g. hem sphere), N cwis the nunber of voxels in
the intensity range mean CSF to nean NMIdnd N wg i s the 20nunber of
voxels in the intensity range nean NMto upper limt of GM (say
GVvhean+1.96GMndl le r&glat anod ¢he dayebeisgemaagea dEf iMi téwnapdl t he
CT paraneter in rather sinple ternms. In general, the CT paraneter nmay
be 25 defNnefJas¥dike i & ke conbi nation CTp = f(PVh cg, N cw, N
wg) (2) such that.CTp increases (or decreases) due to presence of
30 acute infarct. Also Mh cg could be a nmean or a nedian, Pr WO

2011/ 142725PT4 840444000184 17 BELSERbhLe (1 hAgang)t kgl ﬂ%%%%!lh/y
ranges of "N cw and N wg could be variable. The paraneters used i
equat Ponscqujebmiced 29mangst obbemgetvesechated anvbgsettibenedl veesand a

dnbi nat i f th t .vield L gni fi t.diff '
Cnfarct daFaustTes arDeLaEoh Sha Lt CrhEcRulrerabls: afngnistoteant non-
enbodi meninfdfct srégi &gl aedinbetbst . a

'iAccording to one embodiment, it is determined whether a
lQ ;ﬁegioﬁ of interest (ib other words a target body region, in
- this example 'a brain hemisphere) is affected by swelling.
i{Swelling causes narrowing of cortical CSF regions and
"venﬁricles, éreating atrophy in the infarct hemisphere and
the non-infarct hemisphere. This leads to number of CSP
15 voxels going down in infarct hemisphere..The CSF voxels are
replaced by hyper intense voxels (the intensity range of such

voxels is unknown).

The effects of swelling on the CT intensity histogram are

20 dillustrated in figure 6.

Figure 6 shows a first histogram 601 and a second histogram

602. according to an embodiment.

25 The histograms 601, 602 illustrate the change in histogram
characteristics due to swelling. The first histogram 601 is
" the histogram for the right hemisphere which is in this
.example afflicted by an infarct and the second histogram 602
is the histogram for the left hemisphere.
30 |
Intensity increases along a horizontal axis 603 and the
number of voxels kfor which a certain intensity was

determined/measured) increases along a vertical axis 604.



10 region of interest (in other words a target body region, in this
exanpl e VOrQIWMI4PERA sphere) is affected by swelling. SwWeCIISGg01dAMEES
narrow ng of cortical CSF regions and ventricles, creating atrophy
in the infarct henisphere and the non-if8arct hem sphere. This | eads
to nunmber of CSF 15 voxels going down in infarct hem sphere. The CSF
voxel s are replaced by hyper intense voxels (the intensity range of
such voxels is unknovmt)eh The effeg%s of smelling on the CT .

i ntensit ?Clﬁosrt%d}garﬁ%r PRVt TR Bt FRCFF gbRat 6CaRi BEr 8%BeShefs 18
first hi stiRgnameYr400i2 S8£0 j ok di PHet On8Bn s
enbodi nent. 25 The hi st ogr ansogggﬁgé%%gg??ﬁ‘g?%étﬁggt %g gﬁ%ngﬁéi&%“ty
hi-st ogr amangsariaciervat i (sSihueanol shel$Fayd, Thd+1i PeEMbtd] ogsam 601

i s the hist.ogr, for the.right hem sphere which is in this. exanple
af f -iigt e‘cﬁblggé%[%tn%%rlc %ln%f%f%egsaeﬁ%hd hi st ogram 602 i s the histogram

for the l@ht Ined sphtrer <30 AIR ensidls | RS esn 24 POY RehPspEOPL Al 5
axi s -603 and the nunber of voxels (for which a certain intensity was
det er ni ned/ mMeFSHERT iaferedred oy Hwerencinfanes beomispygre below

2011/ 142725PC‘£/18q.2ig#1_/ %A%r%q Accor dirpgc[%gs Itor ngX@er?é%er%{&gs

that..can be expected in the hi'stogramin ence of swelfrng in
the intensitymargedidy wied GSRiRahd . POGRESIER M 1cD6EML4] 1 @S
illustrated in figure 6 are: (i) The nunber of CSF voxels™in the
i nfat@t heni spigugsg $ where superscript R indicates the right
hemisphere and superscript L indicates the left
.hemisphéfe.
(ii) The hypér intense voxels “created artificially” due to
swelling add up all over the histogram (beyond CSF

15 intensity, i.e. > Ll1l}. This can be seen from the values

DR and DL given in figure 6 where superscript R
indicates the right hemisphere and superscript L

indicates the left hemisphere.

20 Therefore, to check for any swelling, according to one
embodiment, thé hypo intense CSF regions (< Li) are
considered. So, swelling can be detected and quantified as a
function of the number of hypo intense CSF voxels (denoted by
C) and number of voxels in the intensity range L1:L3 (denoted

25 by D), i.e. according to

S =gCD) | (3)

For example, such a function S may. be
30

S=D/C. (4)



reduced as conpared to the non-infarct hem sphere below Li (i.e.

CSFnean) ,w0.2e11/14e726 hi s hypo i ntense region. This can beCsS8epoifinomss

the values CR and CL given in 10figure 6 where superscript R

.indicates the right hem sphere and supé?script L indicates the left

hem sphere. (ii) The hyper intense voxels "created artificially" due

to swel lFoy tldsupebinibien DﬁeShi $hegwaﬁmebeyﬁoﬁd fG8FthBi dhdagictty,
can, iven in

i gure 6 heml Refe Brniffa- hirhathe  ProtR: 67 Sndnrspller Boanantarct

super SCFIrﬁémispﬂﬂéiréatEérlélﬂahﬁié heni smgas«@ 620tiﬁeekf§f19éeoft@ ¢hgCkne
for any swelling, according to one enbodi nent, hypo i ntense CSF

regi ons. (nfaycarkenbiBhess edrigot) s%élBBné @aﬁ 5@rdébecned andarct

quantgthgﬂgggﬁhéygc Ptpo¥ﬁgevg HBert% p?alggense CSF voxel s

(denate and nu voxe sTin e"inténsrty range LI:L3

(denoted 25 by D), i.e. accordl ng to S = gKC, D(3) For exanple, such
a function e C(9) WD 2011/142725PCT/ S&2011/000184
19 For th]i%cld@ywt%%lwg iphernarienofnsefBRrtiAg InpRAc? can

he”‘Spherﬁhf@h@%ggﬁﬁan@@”tﬁgea8@593c9ftﬁe&8f Lheo ng QE@E%einf et

hem sphere. For exanple, 1n Figure 6 ue 0 for t PRfarct
hem spherBysi ghitg ¢5 %ranahdrfmaythe deneiminedt abeni sphere (| eft)
t he Yalue of S is 25.78. .

CTp = fs(P _gr, Mn cg,N_cw, N wg, 9 (s

According to one embodiment, the CT parameter is used to
compare the left hemisphere and the right hemisphere in

15 axial, coronal and/or sagittal planes. According to one
embodiment, by definition, the value of CTp is expected to be
higher in the infarct hemisphere (or a slice). For example,
in accordance with equation (1), due to the presence of
infarct P_xr and N_cw increase (in the numerator), while the

20 median and N_wg decrease (in the denominétor) causing the CTp
according to equation (1) to increase in the presence of
infarct. According to one embodiment, to locate the infarct
slice or hemisphere (or, in other words, to determine the
body region afflicted by the infarct) the location (i.e. the

25 region) having the higher value of CTp is determined.
~ An exemplary flow is illustrated in figure 7.

_ Figure 7 shows a flow diagram 700 according to an embodiment.
30
In 701, intensity values for axial/coronal or sagittal slices

are determined.



I ncluding swelling information in equation 1 and 2 can further
enhance tWe aticeBREy of detection of acute infarct. ThuBCTiSIB01GM00184
paraneter nmay be determned as CIp = fs(PWvh cg, Ncw, Nwy, S) (5)
Accordi ng to one enbodi nent, the CT par Reter is used to conpare the
| eft hemi sphere and the right hemnisphere in 15 axial, coronal and/or
sagittal phane2. BEpoidi ngltolenededbodiirentlefhy heefiisphisiren arichehe
val ue of- CIp |s expected to_be highet in the. infarct hem sphere (or a
slice). F%+8%§aH%W °P ﬁr§Ccspaaﬁégmﬁﬁﬁh18q6§ﬂ?§nS@ffﬁsdue to the
presence of infarct Pr and N cw increase (in the nunerator), while
the 20 nedian and N wg decrease (in the denom nator) causing the CTp
accor di ngl® o’ @guathenWiiyoreni nenksym tasthésptésencenghcitedacet the
Accor@wﬁkf .one enbodinment, to locate the infarct slice or

hem sphere §br, in other words, to determ ne the body region
afflicted-by the infarct) the location (i.e. the 25 region) having
the higher value of CTp is determ ned. An exenplary flowis
illustrat®d T99fi glPeSYINFPEUEBE725RBARIALEFORNEI A§ral Y88 Ugc@sedi ng
to an enmbodigent. 30 WO 2011/142725PCT/ SG2011/000184 20 In 702, CTp
is calculated.for the.left hem sphere and the right hem sphere, for
exanple in-axial slices. |In 703, the WIlcoxon ranksumtest is then

o e O™ fe AL e {0dx1 02 8L8 8L §02 27 8he! LahbndRdoh e or
p-value are ~mnoted.” ~ T T

P_r (i.e. for different definitions of P_r, i.e. for

. different ratio of difference of percentiles) and local

variations of threshbld intensities are calculated.

15 In 706, the most significant result (i.e. the minimum p-

value) is selected as the final result.

In 707, the infarct hemisphere is determined from the
corresponding sign (positive) of the z~statistic which

20 indicates the infarct hemisphere.
The hemisphere may also be localized in coronal slices.

In the sagittal plane, the comparison is performed between
25 whole sagittal slices in the left hemisphere and the right

hemisphere.

The slices are found in 708 from the point of intersection of
two curves encompassing the maximum number of slices. To

30 locate the maximum number of slices,Athe minimum slice value
and/or the maximum slice value may be determined from
different combinations of CTp (corresponding to different

thresholds, percentiles etc).



10 In 705, the CIp is calculated for different conbinations of Pr
(i.e. forW@i2p3ieenRf definitions of Pr, i.e. for differeRETSERIIA/00F184
di fference of percentiles) and | ocal va%gations of threshold
intensities are calculated. 15In 706, nost significant result
(i.e. the mninmump- value) is selected as the final result. In
707, the infarct hem sphere is determned fromthe correspondi ng sign

(positive he S C h 20.indicates the infarct .
henlspher% 0%%% ht§$s% E?géﬁa9°% sor5e1P03éFPiZHOFﬁnégr8H9V°§Iﬁ@@&ttal
In the sqgléﬁ@]1@I@@€ermh@e@onpar|son i s perforned between 25 whol e
sagittal slices in the left hem sphere and the right henlsphere The
slices are found in 708 fromthe point of intersection of two curves

encorrgassg,pge,;g}ﬁ:pi@xwym,glyggg 9ftﬁé ?'?é g/ g’Ret gggge khe. o gglces

nunber of sli.ces, the mninums |ce va e FaXi min-§

val ue rrayli)egnl‘&mrm netlgfreng di f f er ent conbl nati ons of CTp

~(corresponding to different thresholds, percentiles etc). WO
2011/ 142725PCT/ SG2011/ 000184 21 In 709, the infarct boundary in

axi al / corpnalrang/ dowadh t48hg PARNSE | éTEeG.@IHéQeéooAQcééi‘H%S fth
val ues of e CTp for the case of axial slices is given in |gure

Fi gure 8€§ﬂﬁwﬁmﬁﬁﬁagran1of CTp val ues 800 ‘according to an
enbogbnent

In the dlagram 800, axial slices are numbered from left to
rlgh;.along a first axis 801 and the corresponding CTp values
thafﬁare given in the diagram 800 increase along a second |
axis 802. '
15 .
A first curve 803 indicates the CTp values for the right
hemisphere and a second curve 804 indicates the CTp values
for the left hemisphere. In this example, by definition, e.g.
in accordance with equation (1), the value of CTp is larger
20 for the infarct hemisphere (in this case the right

hemisphere) .

In this example, the Wilcoxon ranksum test determines the
right hemisphere to have larger values of CTp. The largest
25 continuum of slices where the CTp is greater in right

hemisphere is from 11 to 28,

According to one embodiment, the infarct volume is estimated.
This is for example. carried out as illustrated in figure 9.
30

Figure 9 shows a flow diagram 900 according to an embodiment.



In the diagram 800, axial slices are nunbered fromleft to right
along a f‘l"8§911él>i‘?'§5801 and the correspondi ng CTp val ues PER&EG2@11#£00184
given in the diagram 800 increase al ong second axis 802. 15 A first
curve 803 indi-cates the CTp val ues for ?ﬁe ri ght hem sphere and a
second curve 804 indicates the CTp values for the |left hem sphere. In
this exarftkerbingef?ni exanple, gtoi hhacitnfdaacehwint Apbguat hastegyam

t he val ue-of - IS, | e r i rci.hem sphere (in.this o
case theqyﬁbﬁgﬂﬁégﬁzpﬁé&e&?ggﬁéghPéﬂgigﬁ%?%,B% gogfggoﬁgﬁ&PaﬁEsgﬁgure
test det &5 minescdmebersgbn tieat sphece &0 bayerter gets¥al H9poOhn€ERsity
The largest 25 continuumof slices where the CTp is greater in right
henispher%ﬁi@ﬁf??ﬁnﬂﬁ;Y%ﬂ?%$fAE%%r%Mn@rt@MoﬁéxﬁﬁbéﬂFﬁﬁﬁ%FYtHéziﬁpaﬁét

vol une i sy 8std et £d-odhi Sedi Shé 0f r rr t.as, kLLust,r

1 Sur e B S P12 e T R0 1 FRobigic S8 kErkebak Bahle

exanpl e, tlol tthe Lafoarnge henTspheumbdr st Hgsaoh 50dxahd the nharefibaecbe

hem spher e hi st ogram,shown in fig%if ﬁ% it can_be seen at since an
a

ot
infarct CHURNESFYpo° it PR FH NAE vBRLPRe PheltfRBFENMEDEXe

i ntensi t yedtind e LS3F rangeurhise f epF agsge by {Héﬁnﬁiﬁbfti Ra(BapERhsk@rred
mean NMrange (L1 to L2 range). The nunber of such voxels can

t her ef or & 15N gt bt Y or &edpr bpdr tkdhatot bl hel?bl oar be¢ phtaived by

The fgtiqﬁ%g;qp cﬂg f geé t. %% ve transferred from

intensity r_ﬁbéj% , %?Sg[iq, T faégﬁ %%$% %?ﬁ%d by 10 conparison

wi th the non-infarct hem sphere. Accordingly, according to one

enbodi nent, based on intensities of an infarct slice determned in

901'_the3ﬁﬁﬂﬁ§ingly' according to one embodiment, based on

: intensities of an infarct slice determined in 901, the number

of voxels in the intensity range mean CSF and mean WM is

15 determined for the infarct (right) hemisphere in 902 and the
number of voxels in the intensity range mean CSF and mean WM

is determined for the non-infarct (left) hemisphere in 903.

In 904, the absolute difference of ratio is determined

20 according to

. |NR Cw NL CwW
n_ratio= = -1 = (5)
'N _wa N™  wg
where NR__cw , NL__cw is the number of voxels in the
25 intensity range mean CSF and mean WM and NR__wg,NL__wg is

_the number of voxels in mean WM to GM+1.96GMstd.

From a study of the correlation of n_ratio with the ground

truth volume it can be seen that as hypothesized, the



of voxels in the intensity range nmean CSF and nean NMis 15

det er m nSMORB/HHRS | nfarct (right) hemi sphere in 902 an8CTAAE20initpB4
of voxels in the intensity range nean CSF and nean NMis determ ned
for the non-infarct (left) hem sphere i A3903. In 904, the
absolute difference of ratio is determ ned 20 according to where .
NR cWNL cop¥xeldelonunbetwedn vokel sctnal heoR2Bmentrdsthy dadderewnae GSF
and nmean NM and NR _ wg, NL wg is the nunber of voxels in nmean NMto
GW+1. 96GVst d,. From a, study of_the correlation efl3 ratio with the
ground triAHYdtumet+? +3n0 ped sV hae=hslhyPot hesh zed, the WO
2011/ 142725PCT/ SG2011/ 000184 23 correl ati on between the actual vol une
and the difference of ratio nratio is 0.63 (p-value=1.1x10 Figure
10 il | ustFiagwee the tblvstmaien viencontébanion ¢heni ndaiot wiohumae I n
figure 10, n ratio jncreases (logarithmcally) along a first axis
1001 gnd Jtrhfgajiﬂ aret"Vo! ume i ncreases (logaTithmcally) along a
second axi s .1002. The scatter plot of volune of infarct cal cul ated
fromn_ratio.shown in figure 10 can be used to fit a nodel to

esti mat e Thef Vvt imel &f 1 ofalriq  insreaveexbhpdaribhniaedt yporaogi al
equati on £anbeylid {1 Mool aliondals ife L8 L og, space. The
particul ar sanple illTustrated in Tigure 10 gives an equation for

vol ume estliaggiiothraiszally) along a second axis 1002,

10
The scatter plot of volume of infarct calculated from n_ratio
shown in figure 10 can be used to fit a model to estimate the

" volume of infarct.

15 For example, a linear polynomial equatioh can be fit to the
correlation data in the log space. The particular sample
illustrated in figure 10 gives an equation for volume

estimation as:

_ +0.32 - +0.41
20 V =exp(d.579_5'35(log(n _ratio)) + 10.98_5"4p)
(6)

which may be used, in 905, to estimate the infarct volume.
The paremeters or the functional form of equation can change

25 due to larger samples from multiple data centers.

. Thus the infarct volume V can be estimated by a general
function of n_ratio. For this, equation (6) is just
illustrative. Since equation (6) 1is based on the fact that an

30 infarct leads to voxels in the intensity range interval
[L1:1L2}, say a number of V1 voxels, also deletes the number

of voxels in the intensity range {L2:L3], say a number of V2



+0. 32+0.41 20V = exp (1 . 579_0. 32(1log (n _ratio) ) +10 . 98 1 0
.40' (6) WOXpH{¥R2hay be used, in 905, to estimte the PAT&HG2011/000184
vol ume. The paraneters or the functionaé form of equation can change
25 due to larger sanples fromnultiple ita centers. Thus the infarct
volunme V can be estinmated by a general function of n ratio. For this,
equati on Y8¥els, jasetherusevaefveclsnaceseduatiion €6)lids beasedune ttilon

fact ‘that _.an 30, cr. | S voxels.in_the intensit n
i nterval ?ﬁlgng?QLg% érnﬁﬁge?Eg?rv&°W§%8P§%°8|83 g | 8F saghg%ﬁunber
of voxel sgemetHE, | ahensatyabdsgeohld: b8] fosaMiatBUMHeR cBf cMApares

WD2011/ 142725PCT/ SG2011/ 000184 24 voxel s, anot her way of vol une
esti.mati o edFHE Her a9t onst L baLdf apd1k%2)82 or any ot her combinati on
of Vligand V2. In general, any variable could be fornulated which
conpares intensity regions L1:L2 and L2:L3. According to one

enbodi nem¢cardi myint ® néae cémacadamsht cesakbmaxi ahfacerongkaaBdices in
sagittal are-determned to estimate the core of the infarct. 10< The
value n rf13 cafP B &t i P9 efPIbt b7 LaP EE geE?F@én t ROt RELARRICRuMRE
area as iddustgptege i tnfigufe 8 (for an axial slice). In coronal and
sagittal plane simlar analysi-s can be perforned. The co-ordinate
corresponding ‘to the maxi mum area of the slice is for exanple the

cor oba1 TS T b e 2ot RhgTet bt FEU R o PERA TN RLET BrLEEeh ene
corr.el at ingax hedmesred hes vl Uesofated in figure 8 (for an axial slice).
In coronal aﬁd sagittal plane similér analysis cén be
' perfdrmed. The co-ordinate corresponding to the maximum areé
of fhe slice is for example the triple M _acs=(maximum area

15 slice in axial, maximum area slice in coronal, maximum area

slice in sagittal).

Figure 11 illustrates correlation between the value of

n ratio and the slice ground truth area (for the axial case).
20

In figure 11, the slice number increases élong a first axis

1001 and the infarct are on the respective slice increases

along a second axis 1102.

25 The comparison of the ground truth volume (in terms of
infarct area on the slice) with n_ratio of each slice shows a
similar trgnd. Accordingly, according to one embodiment, the
shapg of the. curve and the location of the maximum of the
curve 1s utilized to predict the maximum area of tﬁe slice,

30 |

. As an example, the average sensitivity, specificity and dice
index (from 111 cases) of axial slice and hemisphere

identification are presented in Table 1.



nratio and the slice ground truth area (for the axial case). 20 In
figure 1IWORPRH/KPRI28e nunber increases along a first axi #CIBGLIAMUIIBhE
i nfarct are on the respective slice increases along a second axis
1102. 25 The conpari son of the ground t 2t h vol une (in terns of
infarct area on the slice) with n ratio of each slice shows a simlar
trend. Accordingly, according to one enbodiment, the shape of the

f tll i"l"ﬁXi i"ﬂjm CITe LUl vVeE™T—oT ot so—o——"
predict the maximum ared 91" THet Sti¥e. | FBCRELLAL EX anp| BLCENADEEEr 4§
sensitivjty, specificity gnd dice index(¢from 111 casps) of axial
slice and_-hem-sphere identification arje presented in [Table 1. WO

Al I [ H . H .
curve an tIIC IUbatIUII f thn ~rirvia 1 o llfI!IZQI‘I 1o

2011/ 142798PEIPSE011/ 0Q BLD5 SensiftTvify Specific|ig.Blcel ndex(%
(%9 (A Identification

Hemisphere - 86.8 ‘ 86.8 86.8

Identification

Table 1

i'Figu:e 12 giVes an illustration to show localization of

5 cuboids, estimating maximum area slice and volume.

An axial view 1201, a coronal view 1202, and a sagittal view

1203 are given in figure 12.

10 In this example,
e the infarct hemisphere is the right hemisphere
* The axial, coronal and sagittal slices are [5,14],
[150,234] and [174, 252] |
* Using the model presented in equatibn (4) a 95%

‘15 confidence interval of the volume of the infarct in the

range 8.05 - 10.04 cm3 can be estimated. The volume

estimated from ﬁhe ground truth is 9.09 cm>.

. The estimated maximum area slice coordinate is (10, 194,
: 224).
- Multiple cuboid regions may be used to represent the
different confidence levels and also to incorporate multiple

infarct regions.

25 Figure 13 illustrates an example of two cuboid regions (with

inner higher confidence and outer lower confidence).
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An axial view 1301, a coronal view 1302, and a sagittal view

1303 are given 'in figure 13.

; in the views, an inner cuboid 1304 and an outer cuboid 1305

illustrate the localization of the infarct region at

different levels of confidence.

Confidence regions may be derived from the points of
inte#section of the curves 803, 804 in figure 8 corresponding

to different combinations of P_r and threshold intensities.

Using the estimated cuboid region the volume of the infarcf
may be calculated using standard abc/2 method ( or any other
formula utilizing the dimensions of cuboid) . The volume is
highly proportional to the ground truth volume of the infarct

as illustrated in figure 14.

Figure 14 illustrates the correlation of the volume of the

inner cuboid 1304 and the ground truth volume.

The ground truth volume increases along a first axis 1401 and
the volume of the inner cuboid 1304 increases along as second

axis 1402.

Thus prediction of thé volume by the abc/2 method( or any
other formula utilizing the dimensions of cuboid) allows
automatic and unbiased determination of the volume, iﬁ
contrast to determination of the dimensions a, b, ¢ from
segmentation or manually {(é.g. by a clinician marking

boundaries).



Table 1 Figure 12 gives an illustration to show | ocalization of

cuboi ds, wORPIARTX naxi mum area slice and vol ume. An aRCETSGLéIGB00184
1201, a coronal view 1202, and a sagittal view 1203 are given in
figure -12. 10In this exanple, the infakét hem sphere is the ri ght

hem sphere The axial, coronal and sagittal slices are [5,14],

[ 150, 234] Eraindlc { iddt s 252) ow the- 1nthbﬂgtbhBe”@déht@E@%@DtQ@Cb&ized and
equationd%4 a. 95% 15confi dence i nterval of the volune of the infarct
in ther ‘g%“%lésed RBHOPRL LKB Ea‘ﬁybér%st’ﬁﬁﬁ?édClTﬁéC@éllﬁnéne%rﬁ@mé@g

f th li_c
o he Py v eng Shesgiy, THeycELu L ed TOUIIT, 2y e

to repres&&ﬂSIMEVQtYfefeWMenbmmcd@nCP invatstandtabke udenmﬁdan?mab&
| t Ie arct regions. ur 3.illustrates an exa e of two

g‘dbo: e%?r% %lm?% ??fﬁe? g}ﬂg Ug8flt iRehRBa5RE S60BENTaRaPn and

confi dencglant W0 24144 427258CT{ $E011/ 9}9%]1§£’11%§t£‘8na6'fa|1n‘f'a‘i’Y‘ytl?’Ol

a coronal view 1302, and a sagittal view 1303 are given in figure 13.
locallzatlon and extent as well as in 3D display (e.g., by

meaqs of volume rendering of the cuboidal region encompassing
_the ihfarct). The analysis presented above and embodiments

10 are also applicable to detect old infarcts.

According to an embodiment, a method to identify, localise
and estimate spatial characteristics of an acute infarct
using histogram derived from unenhanced CT scans without
15 performing the actual segmentation of acute infarct is
provided. This allows doctors to decide and perform the
necessary action in lesser amount of time in an emergency
room when a stroke patient is admitted. Embodiments may for
. example include
20
» Jdentification of infarct / non infafct of brain region
in unenhanced CT scans based on a calculated CT
parameter derived from the change (differences in left
and right hemisphere) in histogram characteristics of

25 the images in the parenchyma intensity range.

¢ Localisation of the infarct region by using CT
parameters to estimate the acute infarct hemisphere and
the acute infarct slicés in axial, coronal and sagittal
30 planes & cuboidal volume of interest ( also ellipse or

any other shape).



In the views, an inner cuboid 1304 and an outer cuboid 1305

i 11 ust r atWORRB/M2BA| i zation of the infarct region at di PCESEAPILEUSH s
of confidence. Confidence regions may b? derived fromthe points of
10 i ntersection of the curves 803, 804 R figure 8 corresponding to
di fferent conbinations of Pr and threshold intensities. Using the
esti mat ed c@boPeteeyion oﬁeswelbhegobytheihgfahetchamgbe dal cileatnethber
usi ng standard gbclz fethodh§ Hg K E h 15 formula utilizing the
di mensi ons of 2ubdPET~> THe"VBPY §¢ S | yBPGportional to the
ground truth - -volume of the infarct as illustrated in figure 14.

Figure 14 illustrates the correlation of the volune of the 20 inner
cuboi d 1304 eankist freagionndf t inf drvol coee/dartgrousdnyr vehival wife
incregses aloqg a first aX|s 140% and the, volume of the inner cuboid
1304 Pncr easesTaf At aSNaReBnl"a%TR 1%02%12%/ THREOPRLJREE SR tare
vol une by the gbghlsethod( or any other fornula utilizing the

di nensi ons of.cuboid) all ows automatic and unbi ased determ nati on of
t he volune, in contrast to deternination of the dinmensions a, b, ¢

from 30 segnentatjon or g !¥§éﬁ g by a clinicjan marking
boundari es) * - %> YPAUI A2 955 0 ﬁ?@@%l%ﬁlﬁ? Eﬂﬁoﬁpﬁﬁﬁ?spﬁﬁﬁéﬁﬁlon
the infarct tGedeatdentifisy, déegakkaﬁdcanﬂbgg@eal %k%ﬂn reapihy. They

are usef ul clitnically in screening the scans for the infarct. This
potedPial ly will |ncrease the sensitivity of unenhanced CT in acute

stroke identifjication. odi ments can al so be used in _infarct
segnent ati of it REH ?*?Wc i PFPURd BRUF i YP-BEMe ppE ojNnaRf8RCH! using

i nfarct |Oca|'@éﬁléﬁkéﬂmﬁé%éeﬁéra§h¥5&$aﬁéeén1§E59h§9ka¥f(@ogeiszn
means of volune rendering of the cuboidal "region enconpassing

the acute infarct intensity region of target CT images.
This enables the construction of the model equation to

15 estimate an acute infarct volume without segmenting it.



‘the infarct). The analysis pr esent ed above and enbodi nents_10 a

al so applicable to detect old infarcts. According to an en‘S’Ga{Sr%QtWO%{nS“
method to identify, localise and estinmate spatial charact eResdiveds 666/2012
an acute infarct using histogram derived from unenhanced CT scans .

wi t hout 15 perform ng the actual seg tation of acute infarct is:

provi ded. This allows doctors to decide and performthe necessary
action in |lesser anount of tinme in an enmergency room when a stroke
patient iglatimstted.. Enbodinents may for exanple include 20 | _

| dentification.of infarct / non infarct of “brain region in unenhanced
CT scans based on a cal cul ated CT paraneter derived fromthe change

(di fferendes i meghed fitd Prefnsshagn s srEpeyed fompgraplyansasurenent

char act er i-ghs, QheZéédwtearw répﬂwaemz%&ehv NFe sullt CASH Y 5§ AG G

Local i sati,op of th |nfa o] araneters to

6ot mt e LRESTRAIVG EPhSaEl, YHah Bhr PAuHRL W 62 1D FRGAR o i ces i n

axi al , cononensla:wdfeagaatchavompbarﬂesfu&tMmldaalm efievaielisnt er est. (

al so el || REE-On RAY AIASE g}@gges WD 2011/ 142725PCT/ SG2011/-000184 28

Det ection of swelling hy usin the changes i.n_the number. of voxels in

nypoi nt endE-eaHmig G2 F1tpL TahdFPYR B ChARIEALLEY GlcBRihs aofiry

regi on of saeondnsebghaurgefi theCpputaliaxi af ,voxellonal and sagittal

pl anes. determining a first subgroup of the further plurality of voxels

- and a seco_ﬁd subgroup. of the further plurality of voxels;:

determining, for each intensity of a range of intensities, the
number of voxels of the first subgroup of the plurality of
voxels fpf which the intensity has been determined; ‘
determining, for each intensity of a range of intensitiaes, the
number of wvoxels of the second subgroup of the plurality of

~ voxels for which the intensity has been datarmined;

- determininé, for each intensity of a raﬁge'of intensities,-the
numbex of voxels of the first subgréup.of the furthaer plurality
of voxels for which the intensity has been determined:
determining, for each iptehsity of a range of intensities, the

- number of voiels of the second subgroup of the further plurality
of voxels for which tha'intensity has been determined;

comparing the determined numbers of voxels of the fixst subgroup
of the plurality of voxels and the determined number of voxels
of the second subgrouﬁ of the plurality of voxels; _
comparing the determined number of voxeis of the first subgroup
of the further plurality of voxels and thé determined ﬁumbers of
voxels of the second subgroup of the further plurality of
.voxels; and

determining a characteristic of a target body region based on
the results of each of the comparisons. .

AMENDED SHEET
IPEA/AU
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Estimation of infarct volune using the volunme prediction ,

equation using data fromcalibrated ground truth. 10  Cal PEFAG20H /(0184

ground truth volune of an infarct using coll ected data forRedded 16/05/2012

changes in nunber of voxels in the acute infarct intensity regi on of

target CT imges. This enabl es the canstruction of the nodel equation

to 15estimate an acute infarct vol une*%i t hout segnenting it. 29

d ai ns 1. A nethod for processing a‘conputed tonography nmeasurenent

resul t, the conputed tonography neasurenent result conprising an

intensity_for each yoxel .of plurality ,of voxels and an intensity

for Ceach BoxeltHBr el PHGORr S C9 B A SHEF Sin B, STPSEAS ot had

conpr i sestentgirephy, meagugerddnts reswlty covpriclest ke jpitenal ty \oaf evaixel s

and a Secohgisupok i+ of1 1R PLEMRKELY A4 (RY Sctnod kel Ng @ i St
rthe 1Tty 0O

subgroup of the fu r-plur voxel s and a second subgroup of
the furt hEP"RRIGREIFalgcbing Ghe| BLUGALEY RiVRYSLF Andelleh fWtRASity of a
range of phimwst{ids vokéls Mtdhctheomuvorslizied dheockerst subgroup of -
the plurality of voxels for which the intensity has been determ ned,
determning, for each intensity of a range of intensities, the nunber
of voxel s3of fThe mideddeerasgioaptcorny Rneplodr aidimg bf toy AeewWberasin whi ch

the intengédaimiasnd@an &ei-atitrasticdet aimE Rhfget ©boly Siohnt ensity of
a range of |nt.en5|c¥| es,, the nflmq}eer o{mvoxelﬁ of the fi rit subgr oup of
the furt hEPBrEPRITEyTBIFG EPSHr Tk T IRhPIW: EREIY 2has been -

det er m neaffideted timmengillr@sseach intensity of a range of

intensities,. the  nunber of voxels of the second subgroup of, the
further pluraljty of voxels for which the intensiti has been

‘det er mi nes cORPHINMG HETEERT 5% ABY RO &E sCHIIMFok et Jof WRERL M 1 st
subgroup détexhénixigitheidherabtendelis andhsheatpiteboipeaskgivaber of

voxel s of -y&g{ p e alkty o xehs: . C ingj
t he det er%lé’%gé%%%g?ﬁo \?ggefgao%ﬁti‘ﬁgé#irtr ls’ifr ésﬁuebg:?%lg%@g?d?’hg@%h her
plurality of voxels and the determ ned nunbers of voxels of .the
second subgrowpe Giethbe ddtdriehg Moueddint W, Obnaeal She gadrdetefyd Ni ng a,

characterjsti f taraget. body .reqion based on the r.esul of each .
of the COEﬁ)J:'é;ﬁ%g?j}d - Iﬁxﬁ/":%béﬁ %I—%éf g%l‘ﬂae %arget r%r:ady regidn a%flictag
Yy an illness, .

6. The méﬁhod according to any one of claims 1 to 5, wherein
' determining the characteristic of the target body region

comprises estiméting the position of a part of the target body -

region afflicted by an illness. ‘

7. The method according to any ona of claims 1 to 6, wherein
the illness is an.infarct.

8. The method according to any one of claims 1 to 7, wherein
the target body region is at least a part of the brain.

AMENDED SHEET
IPEA/AU |



| PEA/ AU 30 2. The nethod according to claim1, wherein the

conput ed t onogr aphy neasurenment result conprises an i nt ensPEY/SGEH11/000184
each ' voxel of a nultiplicity of voxels and the nethod fuRkel&red 16/05/2012
conprises selecting the plurality of voxels and the further plurality

of voxels fromthe multiplicity of vgxels. 3. The nethod according

to any.one of clains 1to 2, wherein3deternining the characteristic

of the target body regi on conprises determ ning whet her the target

body region i shafddvhetiegbdirdanyidd B8§Sone 45 dhanet hayl gacerediing to
any one ~o%e %I ai s, 1%0 %‘b 'whgr ern 'detﬁ;{{ﬂ nin th;@ghar acteristic of
the target® GERy TEGi"8R COHAFFEEE &t Pheti®n 2208 P&O%iFSF1B8rt of the -
t arget boehmprégesrdetesnifing mhetiod dbenr dsngrdin skel ing, inhdreci n t he

part of thigdetr86dy RegYod €9i0n is a part of the target body region
afflicted by an-illness. 6. The nethod according to any one of

clains 1 to 5, wherein determning the characteristic of the target

body regih cOnprmesdsdestdoraihggd Bey pomi bE ofladinsal pas ©, ofhddwdnt ar get

body" regi ' b 1 ) el t ing to any

one of clﬁ%ﬁg&aﬁ%@ ggev\%‘eﬁgfhg% e i's"l ?fné:élse P%rﬁ ?%%1%%%9898 The-

met hod ackWPELpYe detarminng afmEeaingl Paranatesieptsativrect dihget body

regi on i schairabe@istacPalr tthaf ci Fgatbbady ragfdENDED SHEET 1PEA/ AU 31

9. The nethod according to any one of clains 1 to 8, wherein

determ ning the characteristic of the target body regi on conprises

det er mi niWg whksg ethed cgasordibg dionciat 10ngwhiereihedetmrgdnimpdhe -

regl on. characteristic of the target body region comprises comparing the
determined numerical paraméter with a reference value of the '

numerical parameter.

12. The method according to claim 11, wherein the referénce

value of. the numerical parameter is a value of the numerical
| parametér determinéd'for another body region than ﬁhe target
 body region.

13, The method according to any one of claims 10 to 12, wherein
the numerical parameter is determined based on the determined
numbers of voxels.

14. The method according to claim 13, wherein the numerical
.parameter is determined based on at least one of a mean of the
,numbers of voxels over the range of intensities, a medlan of the
numbers of vaxelé over-the range of intensities, a ratio of
differences of percentiles of the numbers of voxels over the
~range of intensities, and & ratio of numbers of voxels of
aiffegent sub-ranges of the range of:intensities. -
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10. The method according to any one of clains 1 to 9, wherein

determ ning the characteristic of the target body regi on CPOPSGIEH /000184
determ ning a nunerical paraneter indicative of the charac I

- the target body region.  11. The nethod according to clai'm k%ﬁ‘/%& 1610975012
wherein determining the characteristic of the target body region

conpri ses conparing the determ ned n@&%erical parameter with a

ref erence val ue of the numner i cal pararreter 12. The net hod

according, {0 %QI SR ﬁeafa gr[eer&%e alieq0f, the P‘Frﬁrl cal
paraneter 1s a va e nu rlca ararre et eFriméc

anot her %ﬂprﬁégﬁ‘brﬁt‘:ﬁaﬁmﬂw@? a?@@ﬂt%oﬁpmosgam mea Surehiegt medthvdd -

accordi ng to any one of claims 10 to 12, wherein the nunerical
‘paramater gé fogr d_based 0{1 t he deter ned nunpers of voxels.

14. The ‘ho fdi-RY RIGCEPATTR $3COTRCE hoNagE SR ISP RF Sl tanet er

i s det er n¥emagd thatierl compiated eamempeyoﬁeamammfreshbt nwmbei simgf an

voxel s OVﬁ{te"ngﬁtﬂf afmeegéh k8N aCF1ua1TR '@f\v%tgaigeaﬂauapefs of

voxel s over range of |nten3|t|es a ratio of ferences of
per cent i I’é%tEBP"FYl uRBEh Youel A 8l Eankisr pheraldfycohvoraiensi ti es,

and a ratwhereinnthweresicad conpeisesef different sub-ranges of the range

of intensjtd ﬂ\@}@%ﬁ; thad according
to any one f&?&él al s “?_{EEI"# Eéééir.i]ggg%%r F%| ﬁé:l?tglc'{er?w %g %h

conput ed THRIBGRR R the Rlnradity qfeE@PFQlS 326 a mpegend crubuspup rafc &8s ng
a conput gsluralpey HEhyoxeRsur enent result, the conputed tormgr aphy
measur ene esul [4:S1 D anlnte Slt for each voxel

pl ural i ty§ofcsﬁ)§é{e§e§ﬁ%‘mﬁ T ce"‘r%stl ol d i \?Sggfmtﬂe | fﬁ“rstther

pl ural i t ysubErewx sifs thenbrshar tnietrdbimcefcmmlusesd & sfeicead

determ nlgw,gebﬁlgluft tﬁ@fﬁdzguégcblhgaﬂﬁﬁrdﬂ G@m_ﬁg_sfl rst subgroup of t he

lurality d-a s sub lurality of voxels;
p a secorf'd%g'ef‘g g“jtf\gr SSJF?“ On?‘i"g{ﬁgé‘g QFE ne 5°¥|
“subgr oup igfensityf lSPlft heraqyleuoalmmtyn@itﬁmxethe amghbar SEfC ende b4 agfr Ohie of
the furthghspl MiRllby &F tﬁgxﬂ!ﬁali‘t% hig %Q@Iserf'&%r%n%g,&u' L,

~configured to g‘a&gﬁam ne for ‘each ensity of a range of intensities,
‘the nunbemtsps & bgen Asteii2edE ubgroup of the plurality of voxels
for which Ehertmtd@mermgmlmgschemitde&eefﬂtgﬂeeh t& Hetwinindef&®rf @akhnNg -

ciroult. cRuhio o LG AgherH 9ok orRRS AL LERBLL Vo Oboge L oUg0CA]

iitensities, voxe e second subgroup
pl urali tf'aSP“‘&o%Pé’lg§°‘FE)r°ﬂV\/ﬁP%kPJt"ﬁéli-W é’ﬁsi’?’ye-"r\‘aéf%eéﬁ-cé}eﬂeﬁ' m ned; a
fifth debmtahmugghesrwﬂ d@wﬁmgua,ed to deternmne for each intensity

Of 2 r ange co el NEROSLILGY, o IS AUIREL ALY ol thle L1 1SE,subar oup

of the furt F*yoxel §°
det er mi neateas:smpﬁ elena@rzm of rigtensindies, ctid ingmber afo vdeelr wifnehd or

each int E'iibt;YSLﬁbfgr@u %Igen@ffdﬂhsmpltdz%iu hse QuRbEr ob wpvesl snof the
second syb e further Begrallty of voxels for which the

i nt ensi t)}“ﬂrﬁgg%é’e 3 NPT

a sixth determining circuit configured to determine for each
intensity of a range of intensities, the number of voxels of the
second subgroup of the further plurality of voxels for which the
:mtensity has been determined;
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AMENDED SHEET 1PEA/AU 33 a first conparing 'circuit confi ured to
conpare the deternined nunbers of yokels of the first subg® ﬁS(&Ult/ﬁ@lM
plurality of voxels and the determ ned nunber of voxels of Rebdvedeemsdo12
subgroup of the plurality of voxels; a second conparing circuit
configured to conpare the . determ ned nunbers of voxels of the first
subgroup of the further. plurality oi ¥bxel s and the determ ned

nunbers of voxels of the second subgroup of the further plurality of

.voxel s; aadfiarskeyetpdridgt &1vbulk Ngort1GaYed thOEBIhISHHee@hé %éi%*rﬁiﬂld‘e a:.
i on, based e.results

characteristic of ,a ta dy t he
~ conpari soRESESs 817%"(3‘%8 %‘E\g"ﬁ f‘{‘i o SHRE- NS r"rri‘i’gpa:i”r"'t]dittys°g17 A
conput er mxﬂ@am@l@mﬂeteMn’xed nuiber ekecxeds df the sampdt er, makes

“the cormumg:ra%f@f B aﬁsﬁqthf R@EESSi Ng a’ conput ed t omogr aphy
measur enent res nmput ed t onpgr aphy measur enent resul t

conpri sing 5£r?°Pﬁt%?i‘§iaF§n$ ditreath "iPG'fé?“’Eﬁd §°pF%ﬁP&FPt'§/hQJFde\?6¥’é’r%edand
an int ens:imngbefreroeamixe\‘mxﬁ thé fidfaer hhquﬂpuaﬁiuﬁayf@itn&xghﬁmmtgrel n
t he met hogg | X u PP the plu ality
o vl o5 WAHELE S <16 IR, Bunbb] o DOEOND 0P el Bebohd ¢

det er ni ni FRPIEORP raf @Gbﬁ‘iﬁ%ﬁroﬂ’-ﬂ@élflm?%éﬂoxﬁlm anity of voxel s and a

second swgie@uﬁtwfdettbemiwdghelr@iw ebhiwd!fedvea(@esemﬂ&t @rmning, for

.each inte ran I nt tie of voxels of the
Frret sundraeseSregis Bl dervdt SPycEETon Bsdh B0 bt aephi En et y,
has been & @mﬁiu@onsomwmm efch afachei tHeegenparioly airargs.of '
intensities the nunber of voxels of the second subgroup gf the -

pl ural i ty oxel s for which the intensity has been determ ned,;

det er ni I’lllh o ERERT | RO §L TG r‘gﬁﬁé"o‘fhei”nteéﬁ%"i"tei"egy %he number
of voxel- scqmut:he. friakes shebgropyteaf pehfodrunt hethgal GoalprdogeesinDxel s

for whi chedrpGebdtnshtiphiAheRESRARE LSS L AMENRER HEET o R AY
measurement result comprising an intensity for e.ach voxel of a
plurality of voxaels and an intensity for each voxel of a further
plurality of voxels, wherein the method comprisesﬁ
deﬁermining a first subgroup of the plurality of voxals and a
second subgroup of the plurality of voxels;
determining a first subgroup of the further plurality of voxels
and a second subgroup of the furthex plurality of voxels; '
‘determining, for each intensity of a range of ;ntensitxes, the
numbar of voxels of the f£irst subgroup of the plurality of
voxels for which the intensitylhas been determined; o
.determining, for each intensity of a range of intensities, the
numbex of voxels of the second subgroup of the plurality of-
voxels for which the intensity has been determined;
determining, .for each intensity of a'range of intensities, the
number of voxels of the first subgroup of the further plurallty
of voxels for which the intensity has been determined;
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34 determining; for each intensity of a range of intensities, the '
nunber ‘of voxels of the second subgroup of the further pluP&I{SGROBH000184
voxel s for which the intensity has been determ ned; conpar iRaceitedd6/05/2012
det erm ned nunbers: of voxels of the first subgroup of the plurality

of voxels and the determ ned nunber of, voxels of the second subgroup

of the plurality of voxels; conparin 4[h_e det erm ned nunber of voxels
of the first subgroup of the further plurality -of voxels and the:

det er m nedetemiiaiagofforoxstis iatehditys aeandanybosduptehsifiesf ughder

P o Dot 00 ST SoEIRRC el e P
SHEET 1PEAf Atgxels for which the intensity has been determined;

coﬁparing the determined numbers of voxels of the first subgroup

of the plurality of voxels and the determined number of voxels

of the second subgroup of the plurality of voxels;

comparing the determined number of voxels of the first subgroup

of the further plurality-of.voxels and the determined numbers of

voxels of the sacond subgroup of the furthar plurality of

voxels; and .

determining a characteristic of a térget body region Based on

the results of each of the comparisons.
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