WO 2011/ 142725PCT/ SG2011/ 000184 1 Met hod and device for processing a
conput ed tonography neasurenent result Field of the invention Enbodinents
of the invenvignzgsnerally relate to a nmethod and a devipcg/sGao11PIMGESSI Ng a
conput ed t onography measurenent result. 10 Background of the invention
Accurate and pronpt detection of an acute infarct based on an unenhanced
conput ed tonography (CT) scan result is typically of high inportance for
deci si on nakiMeghiod tine elerigendor pruceksiie 4 ccdnpated] tpmdgtaploy CT

i mges, there are practically no automated approaches for unenhanced CT
scans. Moreover, the sensitivi BPFEFNSTHa ¥ results in detecting
stroke is very low Reliable nethods for determ ning characteristics of
body regions, e.g. determ ning whether a body region is 20afflicted by an
illness stichidsoanthafancentdoe desirable. Summary of the invention In one
enbodinment, a nethod for processing a conputed 25 tonography neasurenent
result is provided, the conputed tonography neasurenent result including a
i ntensi t yedigd Basht ¥ oxel 1198 anpéiit abht ¥eRbryoxel se1uher ebnat herpethadq
includes: determning, for each intensity of a range of intensities, the
nurmber ofa v&Xel & of Of her pFef al ¥ ya ofoppXkerd femogkpehYt Measoremeafisity has
beenQdete{égdﬁ%j and determ ning a characteristic of a target body region
based on e det erm ned nunbers of voxels of the plurality of voxels. WO
2011/ 142725PCT/ SG2011/ 000184

10 - Background of the invention

Accurate and prompt detection of an acute infarct based on an
unenhanced computed tomography (CT) scan result is typically
of high importance for decision making in the emergency room.

15 Due to limited quality of CT images, there are practically no
automated apprcaches 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 a plurality 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.



2 Short description of the figures |Illustrative enbodi nents of the
i nvention are explained belowwth reference to the drawings. Figure 1
shows a fwoOwodiiagram accordi ng to an enbodi nent. Fi gur e PRTSIGA0I/080184
processi ng device according to an enbodinent. 10 Figure 3 shows a fl ow
di agram accordi ng to an enbodi nent. Figare 4 shows a fl ow di agram accordi ng
to an enbodinment. 15 Figure 5 shows a first histogram and a second
hi st ogr anfaetbrdengript annenbodhaeAtgurEisgure 6 shows a first histogram and
a second hi stogram according to an enbodinent. Figure 7 shows a fl ow
di agram according to an enbodi nent. Figure 8 shows a di agram of CTp val ues
accor di ngrt bugadretbodi s@pbdimbgusec? shewsnachk@wndiaagr am-aceolkedi B& 1le an
enbodi ment, Figure 10 illustrates the correlation of n_ratio with the
infarct volthrerefe¥rDog1r24pre59CTI 52611/ 000184 3 Figure 12 gives an
illustration to show | ocalization of cuboids, estimating maxi numarea slice
and vol une. '

Figure 1 shows a flow diagram according to an embodiment.

Figure 2 shows a processing device according to an
embodiment.
10

Figure 3 shows a flow diagram according 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).



Figure 13 illustrates an exanple of two cuboid regions (wth inner higher
confidence and outer |ower confidence). Figure 14 illustrates the

correl at is0 20f1/14pBSvol une of the inner cuboid and the gPOUsG20¥1ODKISYOl une.
10 Detail ed description According to one enbodi nent, an automated approach
to identify an infarct region, | ocal i ze3an i nfarct region and estinmate
spatial characteristics of an infarct region 15(generally a target body
regi ons stitpues d2botyeseghonlabftiretédnbyoashioll Ness)l ibasednomwf

(unenhanced) conputed.to raphy.scans i s used. According to one -
enbodinen?gg%}%ifaﬁﬁgé a?ﬁ%ﬂoﬁ@%lWHmtﬁéeﬁoﬁﬁéﬁﬁnﬁngsvé%u Sraneter or as
CTp) is determ ned based on a change in histogram 20 characteristics of

unenhanced CT inmages in the parenchyma intensity range. The change in the
shape of hi%ebyrain Wherstrphes of pHABRERYAA LyOr epbaded risgiansadutieh
infargt regi I or.dj n I pt.ur t hr ough the change
in pe?cen%?+%9d¢g???%u%?%ﬁ?déggg ?H?gggg%gegégg?hggpggggnS ljl25 nunber of
voxels in different intensity ranges. The CT paraneter is for exanple used

to estimate the ?gute infarct (brain) hem sphere and the_acute infarct
slices inf:%{5%, 1 tot bhaftapbcSabhet aPTpPaRESONTRES LBRaBPEsME0OEl ith&t i on of

a cuboi d voldwre: @bo | At £h&SELENGPIRASSERYL hNGoagHEe I nfarct 30 region.
Further, according to one enbodi nent, the change in nunber of voxels in the

acute infarct intensity region is utilized to calibrate it with the ground
trutqovol ne_ o he infarct to construct a nodel equation to estinmate an
acut é v 11/000184 4 infarct volune w thout segnenting
it. This may be of high inportance since there is typically a |ot of
anbiguity in generating the ground truth regions of acute infarct on
unenhancetF € A 570 VP i ¢ | FRPRE I TR Er céNseyhefthefoAPARYaBE §aesti onabl e.

The core 4 Lnfargcts bee & L, eX . est Lt egi,gn of
naxinun1€ﬁ%%52§?% Clp int % ai%af?'c%?gagfggnéﬁggg??%g?nk%gggé.g#ﬁe
changes iestimtangexrt odl voxaetsciart eibypof naensef €8Etr angeonay be

utilized to detect, syelling. 19, 4he, dat 8, AspLpont Ldgntification,

afflicted by an illness) based on (unenhanced) computed
tomography scans 1is used. According to one embodiment, a
parameter (denoted in the following as CT parameter or as
CTp) is 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 parenchyma 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 intensity 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
number 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



10l ocal i zation, estimation of swelling, acute infarct volunme and center
according to enbodi nents can enable doctors in to nmake quick decisions in

t he emer g¥OCY1WIBRMS It shoul d be noted that in CT i mage®CTiSGRengeg4i s al so
15 referred to as "density". So intensity may al so be read as density,
intense as dense or intensities as densfties. According to one

enbodi nent, a nethod for processing a conputed tonography neasurenent
result isirprandded Ben0iithstt asegnémt fnguie. 1IThEsguag heshéweighf | ow

di agram 100 accor di ng. enmbodi ment flow diagram 100.illustrates a
met hod f oF B 0cEssT ng %C%S%%%u{%d ¥%+r%%r§}5h§l %E\sﬁ? nlﬁfg}légﬁl t% the

conput ed JerTaH Ay dRASHFQIRDtt Feshl fed NEhydbRgadntbNighskEy bAr each

voxel of a plurality of voxels. In 101, for each intensity of a range of

i nt ensi t iWEPhAESD Glmbed oF L i@l an of £ t hef pf GF aPoReDEavbRBI Bal sbe

det er t d

2011/ 42%%11/%184&{%@ 1%@? gﬁgﬁﬁ‘?gcrﬁgg 8%, fo%)‘/%art“ Brget body
regi on i s sdeiertdd ek dased Oﬂ‘E(ji"rﬁ‘l def efiank heam nuvbegs of eDxeis ohethe
plurality of voxels. Illu ératlvely in other words, it is determ ned how

often, iFX%érms G el Fd b trabrii?eDf thaerahaRIss iRtBASIties

occurs. THinbdB DeSRENs a5, & dOteRss { e & $4 098 mé%etmy bggyugwi
corresponding to the plurality of voxels (i.e body region

conput ed ttoomtﬁ}r%qihwvcialtlalﬂtagrlotﬁeeerd@temerhﬂemomgldanhufrauaheanl, e. g a
part, f the erza sunch as, a brai n § %@f or_a brain_he 9 ﬁre slice).
Front f hi & 33erd 50 i st BT ol &£ chalfact 819 st7cubt A T4 get VBouje

and center according to embodiments can enable doctors in to

make quick decisions in the emergency room.

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.



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
corresporwiongityaztzie plurality of voxels, is deterninedpcrsGenampise by
conparing the intensity distribution mnth a reference intensity
distribution, e.g. an intensity distribation that woul d be expected for the
body region, or an intensity distribution of another body region 20(e.g.
anot her brmai Y0bdard, cmamﬁnasriheiothérabtakgehebbSQheégiOh asslice of the

ot her brai n henl The conput ed tonn raphy nmeasurenment result may
fb%%e?o?“eREﬁpg%t?ﬁm%ﬂ% fBP BFSgPay¥exrésSvarfuéseor 25

i nclude t

also in tgﬁhggqupfoan@Qépgptlon coeff|C|ent (absorption factor) of a
voxel . A voxel can be understood as a "three- dinensional pixel", in other
words an el enent of a three- dlnenS|onaI grid, or, equivalently, a volune

el enept hr.ee- di mensi onal pace. body_regi gn .be understood as a
Sopar?: of LH A CHRL T e TR R PBE a5 FIR « Mhot onSr REBAGEE! BE"rdy 2R
under st 00ith aSe@nd afgevdfelNf e@§¢}ﬁylwaé1u§§t9h@t fB¥ bengenbinuous or
non-conti nuous and nmay be discrete with a certain resolution. WD

2011/ 142 A7SREN SAA 19000984 B e cbr i By $ecBnasedbbdrAent Lyt hestoapaned
t onogr ap Feﬁfé”k? rd, ﬁ%t %Pfé?gé m%m ugssﬁﬂ@ ngpp]?gmyt %898# voxel

of a furt urality of voxe int PAcl Udes
deternlnlhgeafdﬁue&mhﬂwﬁegmmmyf@f @hiangeocoputatiensmbgesphiyhaanunhes of

voxeaﬁ]of ‘the further Iurallt of voxels for which the intensity has been

dete REEL T THF T e ot F nF B nliEdr s€of - VBXBPEto?ftEEepPEPéplty of

voxel s ang,dihe, def %fﬂm%é}h'f@&ﬁér@foyoéeﬂﬁa% LbRibgnther s10cp urakiky of
voxels, and determning the characteristic of the target body regi on based

on the redulg mtqwmr@mmwtlonTaneclﬁ@r@hfeerpﬁmal pfyaotavogel soany for
cxamb! ¢ SALJSRRONG § o Aees, g, KsuL . (hap e phut ALY ghuygrels
tOﬁDgrapMpﬂﬁﬁﬁﬁUmﬁmﬁﬁ t@estthd mBWréDItﬁxaﬂpt@xels or a body region
15 including the body region corresponding to the plurality of
voxels, 1s determined, for example by comparing the intensity
distribution with a reference intensity distribution, e.g. an
intensity distribution that 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-continuocus and may be discrete with a

certain resolution.



include an intensity for each voxel of a nmultiplicity of voxels and the

met hod further

i ncludes selecting the 20 plurality of voxels and the

further ploralify72ef voxels fromthe nultiplicity of vorelrsc2qroesanpl e,
the multiplicity of voxels corresponds to the whole brain and the plurality
of voxels and the further plurality of foxels are selected as the brain

es. 25 In one enbodi nent, determning the characteristic of the
target body region includes determ ning whether the target body region is

hem spher

afflicted b

i1l ness

in other words a dis 30 Determ ning the

a or ease) .
char act er?St9' @9 the ?%ég%@b%%ﬂ@e?EgiBhenﬁ?mPBFegxéﬁﬁpgrﬁﬁéwude estimating

a size ofpd PaFdmOit thEsE BE OBLr PREY [£081Q8es ¥® intensity for each
2011/ 142725PCT/ SG2011/ 000184 7 The part of the target body region is for
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10 For exanple, the target body region is at |east a

Lo GGhSLELNLRO,LE)CNBEAEhEr bShi-c 10f,t he

ereis in smeIVing in

t he targeif bomye Iegon. t e cde de ngiheod omemieabsdorenbedet ef nchengutrheer
characteristic 20 of_the tfrget ?og% region incLude determ.ning a
'S 15 F ePfbody

numer P cal P PHraERE ereF ntf $%

regi on.

15

20

25

30

Tvel thar skl el 'St FeaopctRg par

the target body region based on the result of the comparison.

The further

plurality of voxels may for example correspond to

another body region than the plurality of voxels, e.g. to (at

least a part of) the other brain hemisphere.

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

plurality of voxels and the further plurality of voxels from

the multiplicity of voxels. For example, the multiplicity of

voxels corresponds to the whole'brain and the plurality of

voxels and the further plurality of voxels are selected as

the brain hemispheres.

In one embodiment, determining the characteristic of the

target body
body region

disease).

Determining

for example

region includes determining whether the target

is afflicted by an illness (or in other words a

the characteristic of the target body region may

include estimating a size of a part of the target

body region.



Determ ning the characteristic of the target body region for 25 exanple

i ncl udes conparing the determ ned nunerical paranmeter with a reference

val ue of wbeonumerscal paraneter. For exanpl e, the retesenca/valsue of

t he nunerical parameter is a value of the nunerical paraneter determ ned
for another 30 body region than the tardet body region. In one ermbodi nent,
the nunerical paraneter is determ ned based on the determ ned nunbers of
voxel s. For exanple, the WD 2011/142725PCT/ S&011/000184 8 nunerica

parameter_ is determ ned based on at | east one of a nean of the nunbers of
voxel s ovEre tRRIt anhetBf FAFERS| PPEY, T8IABRI af 6P t RE2AEABers PEf tvXel s

over the ¢ange, P Nbsns! Liesondakptiocoh g1fLerenoas <o (Ber ealtbles of the

nunbers of voxels over the fange of intensifies, and a ratio of nunbers of
voxel s of different sub-ranges of the range of intensities. The

nmet hod further jnclude receiving the_conputed to raphy .neasur enent
Tosu £, TR I hO Snie RBRaR AR Y. LORERIRIEES Fhst SlRRRE R T
t omogr aphyr Meds Ut £reet bE8YI tehSoRr oMb dgdest BetepARYUNG thenpakarhyn of
measurenent result including an intensity 15 for each voxel of a plurality

of voxel s2 Winet eph the wereed Paevudegidet efftarfgdabyi pst iddbgssup 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
voxel s ofTHdei Iimsss subgroupeatevoxel sotoex2fphbi eh th&arntensity has been
determ ned; determning, for each intensity of a range of intensities, the
nunbéf of voxels of the second subgroup of voxels for which the intensity

has been giet exifed. coRparingethsodet eLgipgdinugbeng ek woxehs of the
first subgroup and the deternined 25 nunbers of voxels of the second

subgr oup;banidh det ey m @i lhya dn chamaspeerst Pe of sdicar gét abbdypinegi on based on
the result of t#e conpari son. The nethod described with reference to figure
1lis forlﬁﬁ“%§%n%f%'carried out by a device as illustrated in figure 2.
Figure 2 shows a processing device 200 according to an enbodi nent.

15 In one embodiment, determining the characteristic of the
target body 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 is determined

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



WO 2011/ 142725PCT/ SG2011/ 000184 9 The device 200 is a device for processing
a conput ed tonography neasurenent result, the conputed tonography

measur eneNo 208814R 1251 ncl uding an intensity for each voxelPCoHSGa01Bl0001&4 ity of
voxel s. The device 200 includes a first _determning circuit 201, configured
to determine for each intensity of a raﬁge of intensities, the nunber of
voxel's of the plurality of voxels 10 for which the intensity has been

det er m negdumdhecadevpeeareef ui shdetiennlindds bassecond adetlersitniong ©ifr @ui t
202 confiﬁured éotdetern%ne a characteristic, of a target. body re%Lon based
on' the dele?h Rbat AGrBRTESEP FoxaPEcF PRE15BFUPAICEy o4 aXErs. 1 ‘an
enbodi mend , mé@di ghr68i the Mymberynder sbeedsasvary tkiend aokea drogi ¢
inplenmenting entity, which nmay be special purpose circuitry or a processor
execut i NgL 3R SBF S8t of eBRF hCaCROAABABEFNCEST MAaPE L CeNtaRg Scobith&t i on
theregf. J&Hﬁerénoﬁnvgg?9g'g€QE’tﬂe 95@88'5% QE¥eR%i%i@@rdé dr%drEQQBC
circuit or a progranmable |l ogi'c circult”such as a prograrmable procéessor,
e.g. a mef opuocessosf (eogela €6npliéxeknatr sobi-eangets CaMutkerahGeSC)Y
processor, or .a Reduced Instruction Set 25 Conputer (Rl SC) processor). A
"circuit"tMey 3t 5bSHe a processor executing software, e.g. any kind of
conputer program e.g. a conputer programusing a virtual machi ne code such
as e.g. Java. Different circuits can thus also be inplenented by the sane
conponentThe. methyd anpy ofestber 30nexedat ragetwondi ther entipptegr ans. Any
otheroking ﬁg } Aenéntation 9 t he ﬁ spective functions which will be
descglbed Th° %ot %eT%??uﬁ%T%m/n£§53 0 be understood as a "circuit" in
accordance with an alternative enbodi nent. WD 2011/142725PCT/ S&011/000184
10 The device 200 may further include an input for receiving the conputed
toanraph@c%%%§h?%n%%tO?%s%m??d?%@nﬁevﬁ0@6289dnﬁ9rap§écﬁﬁéﬂnéeaa di spl ay

o Spl ay) g P Re F Gsu B ThE. o7 QeRee g oG an FnA Sat oA of "ehe
charact ere¢stpeted tdreoyaagey medyuregénﬁ.résﬁéhomhdlbéingted tthaensity
enbo?%nenégrq§§g£i5§§%-nogogtgfargiity of voxels, wherein the method
includes determining a first subgroup of the plurality 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 voxels 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 region 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.



10 the nethod for processing a conputed tonography neasurenent result are
anal ogously valid for the device for processing a conputed tonography
measur eneWwo 208g4k25and vi ce versa. It should further bePadiS6d0t1t9ae184
according to an enbodi nent, a conputer Brogran1product whi ch, when executed
by a conputer, 15 nakes the conputer performa nethod according to one
enbodi nent of the various enbodi nents is provided. According to one

enbodi ment, a nethod as illustrated in figure 3 is carried out. 20 Figure 3
shows a fl.ow diagra 0. according ta an_enbodi nent. In 301, a computed
tonngrapﬁ@h%c%%vg eg%gﬁna?v?dﬂSVlggt?8ﬁtpFSCSSF%PQdao&PWPPﬁGQther words, a
conput ed toNOPF &phy RS2 FeasHERTEREsLS tGathedoplited RoFradhyi S

determ ned whether the patient has been afflicted by an infarct. The

fol | owi ng"¢3SeaePeRE BBEULR ERASEUERAD RD iLsteesditni Aed ekah tieesgavifent has
been af fli ‘ 30an. i ct. WD 2011/ 142725PCT/ SG2011/000184 11 In
303, ?he %f#f?%?% ?ggY%%%g or exanple the afflicted hem sphere or a vol une
of interest in which the afflicted region is located, is localized. In
304, it is detected ther there is swelling of the region afflicted by
the infart?s é?Y\l%%S%?hbn%P@eﬁnal FFEFI TS PRI E4ir6M T4f Fllet ed by t he

infarct iseldiBiedeo 19etdPm3R6, bhecyohunprehsthe begion gkl igted by the
infarct is estimated. For the estimation, statistical paraneter val ues

derived fi@m¢®%$¢i®§ti@h$ damheBOGfn§9XEé5usédthESpTheade$ulp§ obxallls 303
to 396 nayoPeWQIgﬁhéﬁgl£thh§P£§yﬁgslgeen determined.

The device 200 further includes a second determining circuit
202 configured to determine a characteristic of a target body
region based on the determined numbers of voxels of the

15 plurality of voxels.

In an embodiment, a "circuit" may be understood as any kind
of a logic implementing entity, which may be special purpose
circultry 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 programmable 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
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.



308, e.g. as a stroke CAD (conmputer aided design) image. According to one
enbodi nent, a conput ed tonography paraneter, referred to as CIp is

det er m nesto 2bowi4exranpl e for different 20 body regi ons (ecyischi@ionoiss

hem spheres) such that information about at |east one of the body regions
can be deternined by conparison. The body region for which the conputed

t onogr aphy paraneter is determned (e.g. a brain hem sphere) is referred to
as the region of interest (RO) in the follow ng. 25 The conputed

t onogr a ar anet er r a bad egi on i.s for exanpl e determ ned based on a
hi st ggr gmﬁ&gl %%Yé?%dzégrmf‘ﬁi g‘%&hﬁ%'r é&FI&?i‘FieTﬁél ﬁi”g’tpu&grf&ﬁ S e e f or

a range ofohphessi tbRsgEABhYI RelbuirBhehestcandior ofe IRlavwances widd, 30
regard to the information and/or body region characteristic to be
det er mi nedlso\Wnobude 1322 25PEFY SE201 84600 284 N2 tTise cdatpartmioh atcrmy mafphivhe

conmput.ed [ par er i.s for exanple _done accardin the flow
iIIus%rat%%gggrgﬁgﬁFegiggﬁﬁgapg Oghgﬁgpggyﬁg '&%5gf§§9§60%§226Fhing to an
enbodi menprot@s40ig, t Begl eghoinaf caftienestt ikchedehenricted,ise.iz Y e eor
brain hem sphere, etc. In 402, the intensity range to be studied for the
regi on of tap7Rt Pedy F893ef; for exanple to include the intensities of the
parenchyma (i.ncluding white matter (WM, gray matter (G, and
cerebrospinal fluid (CSF)) and to exclude hypo intense cerebrospinal fluid
i ntensitiks.si&Ghhd408, nasedesbrtbedbpdimene sdekaiclr ibeldovin ae tex tmarte

ratl?% the method for processing a computed tomography measurement
: result are analogously valid for the device for processing a
computed tomography measurement result and vice versa. It
should 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 is 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 1is 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.



of differences of percentiles of different body regions (e.g. of the two
hem spheres) are determ ned. Such a ratio is denoted by P r. 20In 404, a
medi an orwe 2m\an2es the intensities of the region of inersskoftioo®ssof the
voxel s corresponding to the region of interest) is determned. |In 405, the
rati o of the nunber of voxels for whichldn 25 intensity in the acute
infarct intensity range has been determ ned and the nunber of voxels for

whi ch an Tt ensjt yhenatthie ivhicke regtitoer, ifttrersidnp raangR: ¥k tihecagay matter
|ntenS|ty range is determned. This ratio is denoted in the following as n

ratio. 30 emhsaberetﬁé EoMfPHUEE Comigiapny thdmandtieth ¢hs iaf fdet@red ned f or
the regio n a part of the results of 403, 404,
and 40%. Pv@ﬁ%%1%%14§%5§%%T/é%z&%%ﬁ&g%%§4 12 The determ nation of the

various paraneters including the conmputed t omography parameter CTp based on
regio rest histo rans s WB plaln%g in nore detail in the follow ng

wi th feFBnégzlto 1 §6r 8 % SEEGu X iASstSF IS & 50'F and a

second h|§g?gbanb§@213@@grgynghgolgan%Qodlnent 10 The hi stograms 501, 502
illustrate the change in histogram characteristics due to an acute

infarct. The regions of interest are in thls illustration hem spheres on an

axi al slic he_first hlst ran150 i s hlsto ram f i ht
henlspherg mﬁlgh é i n thi € gganpf % fllcted fh@ étgéféi

second h|5hﬁ@fﬁﬂl5§2eb$1hh&ehistogran1for t he Ieft hem sphere. IntenS|ty
i ncreases along a horizontal axis 503 and the nunber of voxels (for which a
cert dih intensity was 20 determ ned/ neasured) increases along a vertical

aXiS'504-In 306, the volume of the region afflicted by the infarct is
' estimated. For the estimation, statistical parameter values

derived from past patient 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 hemisphere) 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

30 regard to the information and/or body region characteristic

to be determined.



To obtain the histogranms presented in figure 5 the hem sphere intensities
are processed to obtain the nean and standard deviation of the intensities
of the cewelknnsmbmnal 25fluid (CSF) denoted as (CSFnean, pCBRsR6h)1/00084 Whi t e
matter (WWM) denoted as (Wvhean, Wwstd), and of gray matter (GV) denoted as
(Gvhean, GWstd). The heni spheres may belébtained on an axial slice by 30
cal culating the mdsagittal plane. According to one enbodi nent, for each
hem spherend i detefroingachnrefi oheotomptieedst omohiraphyapakengeenr ds gor
sub- group_ of tge otal set f voxels%E gircentlles mean intensity (or

nedi an) atPTheS %Oﬁi?ﬁﬁ YDEPET/ 85B2011PH06184SEA3%GRbAP SR AERelds in the
acute infarct intensity range are determ ned. This may be done in the
fol l owm ng ways: (i)Percentile ratios: The region of interest is considered
in an inteheity 4aslyevsorabloe dhebude €SF, awkbaddnGMtand exblogdechypo
|nten§e ‘CSF), e.g. anintensity range [ CSFnean, Gvhean+l. 96GVstd] (denoted
as [LI, L3] in figure 5) and the percentiles are determ ned (indicated by

rectangul mi &05, f@meth@gi@ﬁtoheﬂhSQBQEQ apddbyethiasayl arg.far stheer ibght
hem sphere in figure In 10CT scans, the nean acute infarct region lies
in hyper 3 R %%%%9Q§Wi%m@eﬁ?poeFﬁtense WM intensity range. This is different
from MR scans where acute infarcts show up outside the brain parenchym
intensity ranges and focus nay be on the changes in the highest
percentilkm 4@5kmeyeint@n£thfoangaltulhéisgudhedpéb@emhbleegabhosf

deno focus is agccordin o one enEodlnent on the changes in

d a
Iomei? tc}WQﬁﬁﬁsﬁ1hﬁl%ﬁﬁer eht Fra%P ?hF% techedgusact hBtsPaF16F Sdcurrence

of acute dpnd ags&ﬁemmml H/n@ﬂ@@gmﬁhﬁhif'éex%t{:é?s wh hye%yl Rkense CSF,
20acute infarct, WMand GMis towards the | ower
(GM) , and cerebrospinal fluid (CSF)) and to exclude hypo

~intense cerebrospinal fluid intensities.

15 In 403, as described in more 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.
In 406, the computed tomography parameter CTp is determined
for the region of interest based on at least a part of the

results of 403, 404, and 405.



intensities. Changes in the intensities of the WM and GM voxel s are
reflected in the mddle to highest percentiles. D fferent conbinations of
percenti lwe 20iffser2ences i n nunmerator and denoni nat or maypchsczéamosisger ed to
derive the maxi mum significant results. P60 -P50 For exanple, the
conbi nati onsmay be used as P15 - P5 a PA3 In case that there are nore
voxel s due to acute infarct the denom nator is decreased and nunerator is
increased and thus this P r can be expected to be 30larger in the infarct

hem spher should be noted that in figure 5, D15, 5R D15,5L WO
DOLL] a5 TSPy SObIN7 BUBT oL 1 5hAaliar SOl DATAREr 8 ge LhELHELR% FHBOL5t h and
5t h perce&smwté@rt&hs%fagny fSYRRESELI etrpra@%Ei' %Hh%ﬁéwd 'fe terest

(superscript L) hem sphere, respectively, and D60,50 a enote t he
dlfferend@lﬁ@QQE@mSth@ 6Rphaandd50n pereedeike lf an the ﬁOﬂleenQI@hth

(superscrl sphere_and left (superscript L) hem sphere,
respectlve St n?ﬁnk% Efﬂ%ﬁ?a “Intensity of Infarct: Typically, the acute

i nfarct causes the nean intensity of the infarct 10hem sphere to go down
(since the GM and WM voxel s become hypo intense due to infarction).
Ther ef or & 1 @¢EDr i MPLYD dnbledboli AbAEramhéOdeandi At easPng b sgogegiion of

i nt er est 5§?L§%%%;&qn€e{gr néﬂgogpﬁ gg parameter for the region of

interest. Alternativefy, he median Intensity of the region of interest
may be

10  The histograms 501, 502 illustrate the change in histogram

‘ ' characteristics due to an acute infarct. The regions of
:intérést are in this illustration hemispheres on an axial
‘slice. The first histogram 501 is the histogram for the right
hemis?here 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 presented 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

30 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



used for determning the CT paraneter for the region of interest. (iii)
Rati o of nunmber of voxels. An acute infarction typically |leads to voxels in
an i nt enswoyorianges20i nt erval of about [ CSFnean, Wwheanpcrrsepbasongs VW and
GMintensity voxels. The infarct hem sphere can thus expected to have nore
voxels in an intensity range interval of4about [ CSFean, Wvhrean] as
conpared to non-infarct hem sphere (this intensity range is indicated 25by
t he rangenmm@@rLdftmokélSnihigheeaEmteSﬁnfbatkyinsbneet@ lrasiyeofareoxel s in
t he mNIa(g GNIlntenS|%¥ range can be ex g t he nunber of voxels in the
infarct HeRFePRERed: sThypi BaV | §ecOnpar ati (BPy IPoWeI 1PA RS ‘range (which is

i ndi cated(py the.rangei feopt2oto @ﬁe'?e?@gth?elﬁker§9t @Srébhglggr%p

nunber of voxels between Li and L2 (denofed by Il _cw) t he nunb
voxels in the ranhgenfiohenoity L@ngdeﬁgted by MNnwghdeafSbe WWDand GM

2011/ 142725PCT/ S& 11/0 0184 16 t ed he i.nf t
henlséhere , ? <€ P & %y%%eﬁ fgag?hggFRbmﬁgégféBhgpgegﬁé@¥3%%89€of

voxels in the Imm&ry, r@lﬂt@@arﬁLﬂ- ob@hsta)t haehbebl Gsupenscrizpt iR
hem sphere and the left (superscript L) hemi sphere, respectively, and

NagR, NngL denot el 9Wee nthiberd ot hgorereenhijes, arg] dererrighe ($npérstedpt R)
hem sphere and ghe lefl,{SUpPers6¢i Pt LinDem8pheLe, (pRERECLLYELY

triangulars for the right hemisphere in figure 5). In
10 CT scans, the mean acute infarct region lies in hyper
~intense CSF and hypo intensé‘WM intensity range. This
is different from MR scans where acute infarcts show up
.outside the brain parenchyma intensity 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 1is towards the lower middle
intensities. Changes in the intensities of the WM and
GM voxels are reflected in the middle to highest
percentiles. Different combinations of percentiles
differences in numerator and denominator may be

25 considered to derive the maximum significant results.

P60 — P50

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, D135R,D155L



(iv) CT Parameter (CTp): In one enbodinent, a CT paraneter 10is defined to
characterize the presence of infarct according to PrNcw CTp = () * () M
cgN wg ( Wworotilawhsrein Pr is the ratio of difference ofcpsceenindiss, M cg
is the nean intensity or a nedian intensity of (the voxels of) the region
of interest (e.g. hemisphere), Ncwis the number of voxels in the

I ntensity range nean CSF to nean WM and N wg is the 20nunber of voxels in

the intensity ro%r}gjetéreta}pevg\quedg rlg)%tlj_)émé IQI H(eglé/lcﬁ_ggy Cihreanhl. 96GVet d)

Equation (1) nay be Seen as a i Oh O aramet ér in rather
sinple terns. Igegesnerials fdwe €He patgiret esupaysbeighb Hef hegdspBeaef HAGLI ON
of a conbination Clp = f(P r, M1 cg, Now, N wg)(2) ~such that CTp
i ncreases (or dedrteaSBPC Rt IRE pr bskeBESHFCED, atBFRSFREERLY: ANdo M _cg
could be a mean or agnedian, P_r;, WO 2011/ 142725PCT/ S&2011/000184 17

- Dgp,50  and Dgg,50 denote the difference between the

th and SOth percentile for the for the right

5 60
;:(superscript R) hemisphere and left (superscript L)
hemisphere, respectively.
(ii) Mean/Median Intensity of Infarct: Typically, the acute
infarct causes the mean intensity of the infarct

10 hemisphere to go down (since the GM and WM voxels

| become hypo intense due to infarction). Therefore,

‘.according 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). So, a ratio of the number of voxels between

L1l and L2 (denoted by N cw) to the number of voxels

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



percentile ratio and the intensity ranges of N _ cw and N wg could be

vari able. The paraneters used in equations (1) and (2) are | oosely

correl at estoaomimgst2st hensel ves and a conbi nation of thesecpacamioesissyi el ds
significant difference in infarct and non-infarct regions of interest.
According to one enbodinment, it is deteif ned whether a 10regi on of
interest (in other words a target body region, in this exanple a brain
hem sphere) is akpected by Buehhirger Swekhkndngauses neailpwiera of cortical
CSF regions and ventricles, creating atrophy in the infarct hem sphere and

t he non-infarct_hem sphere. This | eads E? anbﬁr af. CSF 15 voxel s going
down in infarctIhefiephdree TRECESENGExelGWare Capl abE@ B¢ fsemy nse

voxel s (the intepsjt ange such voxels is un wn) . . he effects of
swel | ing on the® V?%?Lﬁs??ygh?szBﬁaﬁ%gyer?@ﬁﬁlﬁgﬁra%@& iR F%&uFég§F
Figure 6 shows ashipéséchigtonyane@dipnadeaasacond Niegtoghame6@2 ageondi ng
to an enbodi nent. 25 The histograns 601, 602 illustrate the change in

hi st ogram char agdfi é5ké 68, dU@sbOcsWBLE i NJandhey, fiFr st I sdagram 601 is the
hi stogram for the right hemi sphere which is in thi’s anple afflicted by an

infarct and thengmsondohi s6813m RO0Z21.Ds the Bhst egpam fanpkhehebl r)

hem sphere. 30 Intensity increases along a horizontal axis 603 and the

nunber of voxelRentisphewnecand thet &fhti neepsreyraas det bemisetemeasur ed)

i ncreases al ong @%%ggﬁig?k%axis 604. WD 2011/ 142725PCT/ SG2011/ 000184 18
OVE,

According to t he "effects that can be expected in the histogram

in the presencecdfpsyahétag iOTphe [ntensi tybbdagenknt arcal parameter
[ CSFrrean- 1. 96CSFstd, GM+1. 96GWstd] as illustrated in figure 6 are: (i) The
nunbéP of CSF vbxefefimednkCi rParect ReRPSphBEePF§SEBEGCRA a8Tas/pared to

the non-infarct,hem sphgre,below Li (i.e. CSFmean), i.e. in this hypo
i ntense region. This can be seen fromthe values CR and CL given in

P
CTp = (—=———) * (——) | (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.g.
hemisphere), N cw is the number ofvvoxels 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+1l.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 = f(P _r,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



10figure 6 where superscript Rindicates the right hem sphere and
superscript L indicates the |eft hem sphere. (ii) The hyper intense voxels
"creat ed wotafiarasl y' due to swelling add up all over the/Sc6etimgeam
(beyond CSF 15intensity, i.e. > L1). This can be seen fromthe values DR
and DL given in figure 6 where superscrilgt R indicates the right hem sphere
and superscript L indicates the |eft hem sphere. 20 Therefore, to check for

any swel | pagecerecde diagiboanaetaabedi BBRat £ vt henkyro dmtensgy CShdr egi ons (<
L1) are considered. So, swelling can be detected and quantified as a
function Bf_ tige quntbrbefvdypablat ense CSF voxel s (denoted by C) and nunber
of voxels in the intensity range LI:L3 (denoted 25by D), i.e. according to
gr(C, D(3) For exanple, such a function Smy be 30 S=D/ C.(4) W

2011/142 0018 d i0 t.he val ue of S
for the |H§gﬁ%%§%%%%%égegégés}ﬁ gﬁhaE?ﬁgﬁ ?&% vépugzgf ge loo§h§
non- lﬁfarc®rhehas®@eamon&st ehampbevesnaﬁdgureo&blhherbal@E @heSd or the

i nfarct hem sphere ( and for. the non-infarct hem sphere

IS
(left) the? %Eeﬁ? E? ngSS?gnlfHEPﬂalﬁé EERERPFRg LPn e RdCito s ich "@gTat i on

1 and 2 capefpet heg g@ﬂgngg gﬁgeggggracy of detection of acute infarct.
Thus, the parane? be determ ned as

According to one embodiment, it is determined whether a

10 region of interest (in other words a target body region, in

' this example a brain hemisphere) is affected by swelling.

 3Swelling causes narrowing of cortical CSF regions and

ventricles, creating atrophy in the infarct hemisphere and
the non-infarct hemisphere. This leads to number of CSF

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 illustrated 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 (for which a certain intensity was

determined/measured) increases along a vertical axis 604.



Clp =f s(Pr,Mi cg, Ncw, N_ wy, S) (5) According to one enbodi nent, the
CT paraneter is used to conpare the left hem sphere and the right

hem spherwoi2niil&azasi al , coronal and/or sagittal planes. p&esondilrngoise one
enbodi nent, by definition, the value of CIp is expected to be higher in the
i nfarct hemi sphere (or a slice). For exafple, in accordance with equation
(1), due to the presence of infarct Pr and N cw increase (in the
nunerator), while the 20 nmedi an and N wy decrease (in the denom nator)
causing the CIp accordi ng to equation %1) to increase in the presence of
infarct. A@é&ﬁcglirm; % e o6t nehe, cf6erbeatBatheannbar ekPsrited ap

hem spher - e S er m o] i l.icted by
the inf artg}t% q{%seﬂﬁlg%e{?i%%%gem%%eeggé Jrsgglg‘gﬁwﬁggi gé {Cﬁg Eﬁé%é%l\lggl ue of
CTp i s detargd netteAre ExEDpiaeynfl on6CSFstHusGral edoGMstdguae 7. Figure 7

shows_a fl.ow di agram 700 _according to an enbodi nent. 30 WO
2011/;?42?%%1%@0%&%%%06 %ﬁe?oz, CTp is calculated for the |eft

hem spherg jan@HN& ikt derd sphese1§ ofn exgapl grhpcaxhahishhees- isln 703,
the Wl coxon ranksumtest is then conducted on the CIp. In 704, the sign

of the z-statirstduseghd s heonppaddiet arehaoted: i10dnc70bemi hph€Tp bglow
cal cul ated for. .dif.f erere;S onbi natj ons of r.different definitions

. L1 . mean), l.e.. Pr'%ihe'ofo 1
of Pr, i.e. for gdll'f%"ere_n rar%!’o_ of 'dllf?e?léjh e ' oF pé?té%ﬂ??l Jé%? gHd 1 ocal
variations of tfireshgl d,d ntensifigs ae ¢ ulatrd,n 454D 406t hg nost
significant result (1.e. the mninmm p-
10 figure 6 where superscript R indicates the right
hemisphere and superscript L indicates the left
‘hemisphére.
(ii) The hyper intense voxels “created artificially” due to

swelling add up all over the histogram (beyond CSF

15 intensity, i.e. > Ll). 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, the hypo intense CSF regions (< L1) are
considered. So, swelling can be detected and guantified 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 =g D) (3)

For example, such a function S may be

30

S =D/ C. (4)



value) is selected as the final result. In 707, the infarct hem sphere
is determned fromthe corresponding sign (positive) of the z-statistic

whi ch 20iwdi2oatas72she i nfarct hem sphere. The hem spher eciag26i150018¢

| ocalized in coronal slices. In the sagittal plane, the conparison is
perforned between 25 whole sagittal sliéds in the left hemi sphere and the
ri ght hem sphere. The slices are found in 708 fromthe point of

i ntersectfon ohiswdefiunvesoenobnpasshegvbheenaxi vurhorundber ioff asldtces. To 30
| ocate the nmaxi rum nunber of sljces, the mninmumslice value and/or the
maxi mum SFPRLSRAFLE hayRbE BB SPATNEACT FEMIE PreierCre GRS AR S %0 1CTp
(correspopgdhngokor-di f Fereakahpieshohds; gpeccent ithes «ghtk oM@ for the
2011/ 142725PCT/ SG2011/ 000184 21 (n 709, "t he i nfarct boundary in S

axi al / coromgdrandhenispgereal rpphte iis dét ér annedorAm hex aipl-6 nffar aral ues of

t he p for th ase, of i slices i iven.,i.n_figure 8. Figure 8 shows a
diagfgnlo GT%%Sgéf%e§9§6€¥a§hgrHﬁnaetS%a% éﬁbSér nt. 10 In the diagram

800, axial slices are nunbered fromleft to right along a first axis 801
and the corresponding CIp values that are given in the diagram 800 i ncrease
along a sEtohdd iRg ss@pbling information in equation 1 and can

further enhance the accuracy of detection of acute infarct.
‘Thus, the CT parameter may be determined as
10

CTp = fs(P _fr, Mn cg, N _ cw, N _ wg,S) (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
empbodiment, 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_r and N_cw increase (in the numerator), while the

20 median and N _wg decrease (in the denominator) 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.



A first curve 803 indicates the CIp values for the right hem sphere and a
second curve 804 indicates the CIp values for the left hem sphere. In this
exanpl e, Wy wefismizsi on, e.g. in accordance w th equati omrcthg2otijveorsal ue of
CTp is larger 20for the infarct hem sphere (in this case the right

henmi sphere). In this exanple, the WIcoXén ranksumtest deternines the

ri ght hem sphere to have | arger values of CIp. The |argest 25 conti nuum of
slices whene70he CTp is greauérted Ioght hkemespheregniispHdremall tthe?8.
Accordi ng to one enbodi nent, the infarct volunme is estimated. This is for
exanpl e chtPPedNBUL SRECFFY usPrafsd™Ph ef tjurgiel 3diogs.

2011/ 142725PCT/ SG2011/ 000184 22 Referring, as exanple, to the infarct

hem sphere hi stogram 501 and the non-infarct hem sphere histogram shown in
figure 5 Int78an beesBéacbthan shnksuantesftanct ttaws esnyppa ddtendgiltey in GM
and N VOéflsg the GM or NM voxel intensity (L2 to L3 range) is replaced by
intensity R meanCSF to mean NM range (L1 to L2 range). The nunber of such
voxel s can therefore be expected to be proportional to the vol une of
infarct. The_estimate of the nunber of voxels that m ght have transferred
fromintehsi{94rahhe FLgn p8] the prstat2ptéanabd éheaipmed Iy BXeconpari son
with the z4nfarct hem sphere. Accordingly, according to one embodinent,
based on infensities of an infarct slice determned in 901, the nunber of
voxels in the intensity range mean CSF and nean NMis 15 determ ned for the
infarcti(riggég henisghere in‘goz and the nunber of voxels in the intensity
r angé Ymean” CSE° antNfreahPNVFi S2debeARPRedOF of L1ERE TREH- ICRFRAER tdor P T

hem spherg {n(903. £pr90Q4¢rthenabaekuhecdibhkerenee of iratigds determned
20according to - ,
different ratio of difference of percentiles) and local

variations of threshold intensities are calculated.

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

value) 1is 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, the minimum slice value
and/or the maximum slice value may be determined from
different combinations of CTp (corresponding to different

thresholds, percentiles etc).



NRcwNL cw n ratio- (5)
WO 2011/142725 PCT/SG2011/000184

21

In 709, the infarct boundary in axial/coronal and/or sagittal

plane is determined.

5 An example for values of the CTp for the case of axial slices

is given in figure 8.

Figure 8 shows a diagram of CTp values 800 according to an

embodiment.
In the diagram 800, axial slices are numbered from left to
right along é first axis 801 and the corresponding CTp values
that are 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.



_ NRwyg NL wg whereNRcw, NL cwis the nunber of voxels in the 25
i ntensity range nmean CSF and nean NM and NR wg, NL wg i s the nunber of
voxel s i rwoean/MM260 GwW1. 96GWtd. From a study of the ®CT/ISERe1/000186f

t he

10

15

20

25

nratio with the ground truth vol une itzgan be seen that as hypot hesi zed,

Referring, as example, to the infarct hemisphere histogram
501 and the non-infarct hemisphere histogram shown in figure
5, it can be seen that since an infarct causes hypo intensity
in GM and WM voxels, the GM or WM voxel intensity (L2 to L3

rangé) is replaced by intensity in meanCSF to mean WM range

(L1 to L2 range). The number of such voxels can therefore be

expected to be proportional to the volume of infarct. The
estimate of the number of voxels that might have transferred
from,intensity range (L2, L3] to [Ll, L2] can be obtained by

comparison with the non-infarct hemisphere.

Accordingly, according to one embodiment, based on
intensities of an infarct slice determined in 901, the numbér
of voxels in the intensity range mean CSF and mean WM is
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

according to

. NR Ccw NL cw,
n_ratio= = - (5)
N wg N __wgl
R L

where N© cw , N° cw 1s the number of voxels in the

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



WO 2011/ 142725PCT/ SG2011/ 000184 23 correl ati on between the actual vol une
and the difference of 13 ratio n ratio is 0.63 (p-value=1.1x10). Figure 10
il lustratwe2hél4g@srel ation of n_ratio with the infarct PCHISGIEL1/0D¢I84 | gur e
10, n_ratio increases (logarithmcally) along a first axis 1001 and the
infarct volune increases (logarithnical£y) along a second axis 1002. 10 The
scatter plot of volune of infarct calculated fromn ratio shown in figure
10 can becosedliéviéntbatwedel the estuant eolbrevahdnehef difffaretncel® fFor
exanple, a linear polynom al equation can be fit to the correlation data in
the | og space. The garticular sanple_ illustrated]lih figure 10 gives an
equati on ¥FaF1QoPuh@te3tifmbi Bh A8TVaHu82301410 20V k- exp (1.579 0.32( |og
(nratio) ) + 10.98_0.40" (6) whi ch nmay be used, in 905, to estimate the
infarct volume. The paranmeters or the functional formof equation can
change 25Fdgers ol ar beussaapéestie oovnuélapliendatanceatepswithushtehe
infar%t vo1$ne V can be estimted by a general function of n ratio. For
this, equattonct6y°1¥"Fust illustrative. Since equation (6) is based on the
fact that an 30 infarct leads to voxels in the intensity range interval
[L1:L2], say . a nunmber of V1 voxels, also deletes the nunber of voxels in
the intensitfigangel {Ln 1R tigaynareasder (bpg¥2ithmically) along a

first axis 1001 and the infarct volume increases
(lbgarithmically) 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:

. V = exp (1.579f8:§§<log (n _ratio)) + 10'98J—r8:3c1))
(6)

which may be used, in 905, to estimate the infarct volume.
The parameters 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 Jjust
illustrative. Since equation (6) is based on the fact that an
30 infarct leads to voxels in the intensity range interval
[L1:L2], say a number of V1 voxels, also deletes the number

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



WO 2011/ 142725PCT/ SG2011/ 000184 24 voxel s, another way of volune estimation
could be a function of (V1+V2)/2 or any other conbination of V1 and V2. In
general , wWoRouvadeabl e coul d be fornul at ed whi ch conpar e®Cir$GeMdi00§184 egi ons
L1: L2 and L2:L3. According to one enbodinent, maxi muminfarct area slices
in axial, coronal and sagittal are det efflined to estimte the core of the
infarct. 10 The value n ratio can be utilized to predict a slice with the
maxi num avesehs, i ahosheat edyi 0ff rglinee8eft dmaanocaxicallsl bee) flunatdrconal

and sagittal [ imlar analysis can,be perfornmed. The co-ardinate
correspoﬁﬂ_néyigg§hzbnﬁ§iﬁﬂﬁ]SFgﬁrpFoWHé”EFEEQ P 1 ra_QaN%PeIFhe triple
M_acs=( magé AuA Bf €anOvaki §81ENca%L 8l be MBXLAUTLALEA \$liicEE dohgzdianal

maxi num area slice in sagittal). Figure 11 illustrates correlation between
the val uelntensihyi beandnshblslPcengrbant3truth area (for the axial case).
20 Incfigure 11, the slice nunber increases along a first axis 1001 and the
infarCt are on the respective slice increases along a second axis 1102. 25
The conmpamtsondofigt he grneuadbbaiibnypl vaRifun Larescef airdkarsati *seaon the

slice) wwth n_ratio of_ each slice shows a simlar trend. Accordingly,
accor di ng?¥ b bneCeRPodt n@nd, SeAet shAper8f dERErBGPPE &Rd SEREMBEECattinén of the
maxi mum of,{ he @ugyﬁ iSfytilized to predict the maxi mum area of the slice.
30 As an exanp?e, t he average sensitivity, specificity and dice index (from
111 cases) of axial slice and hem sphere identification are presented in
Tabl?Ol; Tﬁgiggf&é1#335?f§jé§§2831599?%§§d to predict a slice with the
maximum area as illustrated in figure 8 (for an axial slice).
In coronal and sagittal plane similar analysis can be
performed. The co-ordinate corresponding to the maximum area
of the 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 along 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 trend. Accordingly, according to one embodiment, the
shape of the curve and the location of the maximum of the
curve is utilized to predict the maximum area of the 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.



25 Sensitivity Specificity Dicelndex(%9 .(% (% Section 90.87 71.9
72.21 ldentification Hem sphere
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WO 2011/142725 PCT/SG2011/000184
25
Sensitivity Specificity Dice Index (%)
_ (%) (%)
Section 90.87 71.9 72.21

Identification

Hemisphere 86.8 86.8 86.8

Identification

Table 1

Figure 12 gives an illustration to show localization of

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.

In this example,
e the infarct hemisphere is the right hemisphere

e The axial, coronal and sagittal slices are [5,14],
[150,234] and [174, 252]
e Using the model presented in equation (4) a 95%

confidence interval of the volume of the infarct in the

3

range 8.05 - 10.04 cm~ can be estimated. The volume

estimated from the ground truth is 9.09 cm3.

¢ 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.

Figure 13 illustrates an example of two cuboid regions (with

inner higher confidence and outer lower confidence).




86.8 86.8 86.8 Identification Table 1 Figure 12 gives an illustration
to show | ocalization of cuboids, estimating nmaxi mumarea slice and vol une.
An axi al wpem1ld®hs a coronal view 1202, and a sagittal per®a20@®80184 € gi ven
in figure 12. 10In this exanple, the infarct hem sphere is the right

hem sphere The axial, coronal and sagi#fal slices are [5,14], [150, 234]
and [174, 252] Usi ng the nodel presented in equation (4) a 95%
15confi dence interval of the volune of the infarct in the range 8.05 -

10. 04 cnB_can be_estimted. The volume estimated fromthe ground truth is
9.09 cnB. ANTRE184t VARPed 3Raxi AuRPaPBaLlsliiey dodrdi fdrce § Sqt0 talosieny)

20 1303 are given in figure 13.

5 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
10 - intersection 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
15 formula utilizing the dimensions of cuboid) . The volume is

highly proportional to the ground truth volume of the infarct

as i1llustrated in figure 14.

Figure 14 illustrates the correlation of the volume of the

20 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.

25
Thus prediction of the volume by the abc/2 method( or any
other formula utilizing the dimensions of cuboid) allows
automatic and unbiased determination of the volume, in
contrast to determination of the dimensions a, b, ¢ from

30 segmentation or manually (e.g. by a clinician marking

boundaries) .



Mul tiple cuboid regions may be used to represent the different confidence
| evel s and al so to incorporate multiple infarct regions. 25 Figure 13

il lustratwe anyaxaspl e of two cuboid regions (w th innerpchisgher/ooosii dence
and outer |ower confidence). WD 2011/142725PCT/ SG011/000184 26 An axi a
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

i | Tust ratembbeihesei 281beNtRE t heaiBEat st peegien rats idid, f arenty il avel 5 of
confidence. Confidence regions may be derived fromthe p0|nts of

10i nt er sededBhi bfedherenpl ey - 8BRey8eLei Aseifydr 618 ndeerdspondisay e ing
di fferent, cOmbLnaLi pos 9§ﬁelﬁf399tﬁh?ﬁ?EOLSEFgﬁggﬁng €318 7g Lhe o

estimated cuboi d region unme o be “cal cul“at ed usi ng
standard a@méﬂtnwihpdof oneahynoéheCT15ﬁoaﬂuta utmbME|ﬁ@dwmaﬁmdaﬂmﬁnons of
cuboi . The volune is h| Pg gortlonal to the ground truth vol une of

the i far%? %gl@?TE§t?%Peﬂ ?ﬂ yped1an infarcg; ggoperd ations@ngt es t he

correl ati aﬁ%lfb§a¥9$HnEa9faﬁhgngglé@n§ﬁ 95Q9h§t%§94o%nqn%g%chOund truth
vol une. The ground truth volume increases along a first axis 1401 and the

vol une ofl¢©@lLn@@xonuboddeasent|ﬂareaéésaalmng3@sdse©dad adei.g.140%. 25
Thus predlctlon ot her formul a
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det er m nath®niwfatbe) VOTwﬁeanhDy§Q§tﬁﬁé&ehQedebgbﬁbn@hho@m%%dhﬁ%n@%”ens'Ons

a, b, c from ‘
1 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

e Identification of infarct / non infarct 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 slices in axial, coronal and sagittal
30 planes & cuboidal volume of interest ( also ellipse or

any other shape).



30 segnentation or manually (e.g. by a clinician marking boundaries). WO
2011/ 142725PCT/ SG2011/ 000184 27 Enbodi nents allow the infarct to be

i dentifi &80 200¢ART22ed and quantified pronptly. They ar ePG3sGa011800184 cal |y
in screening the scans for the infarct. This potentially will increase the
sensitivity of unenhanced CT in acute stPoke identification. Enbodi ments
can al so be used in infarct segnentation and quantification, as an initial
approxi mati @n péréof asetofosabl zahhopyandi gyt eAt apawgkls as iche3Rgibe ay
(e.g., by nmeans of volunme rendering of the cuboidal region enconpassing the
infarct). The @ahaV93esSpiBsBhPednhpose aRH sabei-ments 10 are al so
applicable to detect old infarcts. According to an enbodinent, a nethod to
identify, localise and estimate spatial characteristics of an acute infarct
usi ng hi st ogr am €ehh vVesn f 6 0m yngphangsde Cdefeans udhi hhovk glonperef ormng the
actual segnentation of acute infarct is provided. This allows doctors to
deci dé and perfa¥hntRecheressapyCapt ionakhal esseroassuandofsadimtailn an

ener gency roonéygggsa stroke patient is admtted. Enbodi nents may for
exanpl e includ [dentification of infarct / non infarct of brain region
i n unenhanced CT scans based on a cal cul ated CT paraneter derived fromthe
change (differences in left and right hem sphere) in histogram ,
charact eri sti cEsbin@Gide ¢fagetaratthel pagenehpemthat ¥ashng pasgéction
Local i sation ofgfle, LT 4L ehoregl one by USL NG, ET- BAT AUBLCLS 10 st male the
acute infarct - %nlsp ere-and € acute rntfarct slrices’in axial, coronal and
sagi toal 30pl anes & cuboidal volume of interest ( also ellipse or any other
shape) .

¢ Calibration of ground truth volume of an infarct using
collected data for the changes in number of voxels in

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.



WO 2011/ 142725PCT/ SG2011/ 000184 28 Detection of swelling by using the
changes in the nunber of voxels in hypointense CSF range. Estimation of

i nfarct owoeboenrtes using region of maxi mum change i n CppTisG2emioadig4 cor onal
and sagittal planes. Estimation of infarct volunme using the vol une
prediction equation using data from cal EBrated ground truth. 10
Calibration of ground truth volunme of an infarct using collected data for

t he changesaimsnunber of voxels in the acute infarct intensity region of
target CT Tmages. This enabl es the construction of the nodel equation to
15estimate an acute infarct volunme w thout segnenting it.

compiit ed. T ool ARy Meacr cnnt TReUr > FREPESARLIER IBhagppreseing o

conput ed t onogr ' e Co r%mw measur enent
result compassiagean kesemsityhé0tompobemoxehoqﬁa®hglwéﬂsdnemﬁnwoxels

wherei n the thod conpri ses: deternlnln% for each intensity of a range of
intenéﬁtiégsnfﬁecﬂﬂﬁﬁé 18P @Bx&PESBFLtHe IpruRALt y o3 Ly Bxelds HlGIT adhiteh t he

i ntensity,hasopees, det et pedycapde A0qdebapwiaibag a characteristic of a
target body region based on the determ ned nunbers of voxels of the

pluralitydeteynxeisg, 2orThachethbdnactyrdifng trenglaioh 1intehmerigiied he
comput ed { prography JPasyLefEnt reryl Ly LULEhRr SeTRrisss adntensity
inteﬂsity has been determined; and
10 determining a characteristic of a target body region based on

the determined numbers of voxels of the plurality of voxels.

2. - The method according to claim 1, wherein the computed
tomography measurement result further comprises a intensity
15 for each voxel of a further plurality of voxels and wherein
the method further comprises determining, for each intensity
of a range of intensities, the number of voxels of the
further plurality of voxels for which the intensity has been
determined, comparing the determined numbers of voxels of the
20 plurality of voxels and the determined numbers of voxels of
the further plurality of voxels, and determining the
characteristic of the target body region based on the result

of the comparison.

25 3. ‘The method according to claim 2, wherein the computed
tomography measurement result comprises an intensity for each
voxel of a multiplicity of voxels and the method further
comprises selecting the plurality of voxels and the further
plurality of voxels from the multiplicity of voxels.

30
4. The method according to any one of claims 1 to 3,

wherein determining the characteristic of the target body



15 for each voxel of a further plurality of voxels and wherein the nethod
further conprises determning, for each intensity of a range of

i ntensitiwe,2tima2nenber of voxels of the further plural ipty/schomoseliss for
which the intensity has been determ ned, conparing the determ ned nunbers
of voxels of the 20 plurality of voxel s38nd the deternined nunbers of
voxels of the further plurality of voxels, and determ ning the

char act ertsgienotompeitasgettbodynt agi ehebhasedtbe the geestlddyofredien
conparison. 25 3, The nethod according to claim2, wherein the conputed

t omogr aphyS neh&ht eheft P¥edll t LEBRPFi ses an intensity for each voxel of a
multiplicity of voxels and the nmethod further conprises selecting the
plurality of voxels and the further plurality of voxels fromthe

mul ti plichty. ofhgoretsod3@cciiPOg1fd42725PCF SG2012466018403@,r egi on
conpri.ses determ ni whet her the target body.reqgion is afflicted by an
TThess. wESTEHE el REltaens: lhRgCar anyeons oF OFathe farGoF Sarer o n
determ ni pggibe ebapactesi sttematihheat aiget obodyphedi &F eORPRISRSt

estimating a size of a part of the target body region. 6. The net hod
accor di ngPe@y cragaPB; wherein the part of the 10 target body region is a
part of the target body region afflicted by an illness. 7. The nethod

according to any one of clainms 1 to 6, wherein determ ning the
characterésti cTiod hdrehdargetoboiyg 1borepghom Bpnphesesneshienphirfigotfthehe

position of a Eart of the target body region afflicted by an illness. 8.
The A€t hotPEe8braPAY FRI9any dRedoP2EFaPhsthet 53798 EPEYN TERE oM | ness is an

infarct. 201 9-cdhepprephod; agegrding to any one of claims 1 to 8, wherein
the target body region is at least a part of the brain. 2510. The nethod

according to any one of clains 1 to 9,

7. The method according to any one of claims 1 to 6,
wherein determining the characteristic of the target body
15 region comprises estimating the position of a part of the

target body region afflicted by an illness.

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

20
9. The method according to any one of claims 1 to 8§,
wherein the target body region is at least a part of the

brain.

25 10. The method according to any one of claims 1 to 9,
wherein determining the characteristic of the target body
region comprises determining whether there is brain swelling

in the target body region.

30 11. The method according to any one of claims 1 to 10,
wherein determining the characteristic of the target body
region comprises determining a numerical parameter indicative

of the characteristic of the target body region.



wherein determining the characteristic of the target body region conprises
determ ning whether there is brain swelling in the target body region.
3011. Thewoebhed2ascording to any one of clains 1 to 10pCHseneinnooiss
determ ning the characteristic of the target body region conprises
determning a nunerical paraneter indicdlive of the characteristic of the
target body region. WD 2011/142725PCT/ S&G011/000184 31 12. The net hod
according to claim11l, wherein determining the characteristic of the target
body regi on conprises conparing the determ ned nunerical parameter with a
ref er encel val UENSFMERROAURBFPEAL"Paf@anetat™ 113, WIRECABt AEE S48 dAHdiong to

claimi12, cMbece,pabhe;f el eregeecual v 0l tBBANUTRLLGA RALATRIGY Is a value

of the nunerical paraneter determ ne anot her “body regi on than the
target 10cbodyriegi bhe dédermheedenhhndracedr damgmeoeany iahe aofrefleaiemeell to
13, erein. the gunerical para ter is determ ned based on the determ ned

numbers of2VB%eP§. t48 NYBer¥Ral {BERBUCEEEording to claim 14, wherein the

nunerical parameter is determned based on at |east one of a nean of the
nunbers of voxels over the range of intensities, a nmedian of the nunbers of
voxel s oves.thehe angehotl #acendingesy al2omraki owberdihf éhencesegkence

percentiles, o e e of _vox r the_range of .intensities, and a
rati o of %%%%%répo¥ﬁ€g§%%§rb?a%i?%%5@%¥g§ub§ranﬁggu8fOFhé Faﬁ&@egﬁca%
intensitigsrametedbdeTbemimébodoacensthag bodanyegnenothehaich® tatr@elb5, 25
further conprising receiving the conputed tonography neasurement result.
17. AldeVPedYfbPIprdecessi ng a conputed t onography measurenent result, the
conput ed t onogr aphy measurenent 30 result conprising an intensity for each
voxel of a plurality of voxels, wherein the device conprises:

14. The method according to any one of claims 11 to 13,

wherein the numerical parameter is determined based on the
determined numbers of voxels.

15
15. The method according to claim 14, 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 median
of the numbers of voxels over the range of intensities, a

20 ratio of differences of percentiles of the numbers of voxels
over the range of intensities, and a ratio of numbers of

voxels of different sub-ranges of the range of intensities.

16. The method according to any one of claims 1 to 15,
25 further comprising receiving the computed tomography

measurement result.

17. A device for processing a computed tomography
measurement result,. the computed tomography measurement

30 result comprising an intensity for each voxel of a plurality
of voxels, wherein the device comprises:
a first determining circuit, configured to determine for each

intensity of a range of intensities, the number of voxels of



a first determning circuit, configured to determ ne for each intensity of
a range of intensities, the nunber of voxels of WD

2011/ 142ARb6PGH/1962611/ 000184 32 the plurality of voxel #crec2whiookist he
intensity has been determ ned; and a second determining circuit configured
to determine a characteristic of a targég body regi on based on the

determ ned nunbers of voxels of the plurality of voxels. 18. A conputer

program etggepturibhi €, opheoxexecabedvhych €RBPYheEensTRKES Ash@eenput er
performa nmethod for processing a conputed tonography neasurenent result,
t he conpui@BCIBLIR¥FbgrAPhy neasurenent result comprising an intensity for

each voxel Qé?g?cﬁ"&'éﬁé%i/m%?;’é;i(g{;&it"‘@SB?EgPEES Bt hod COTRL! es:

det erm ni ng, each T ntens a range I'ntensities, the nunber of
voxel s ofchéeapteratity of soxerset oboahi ebgthe basedt ensithy has been

deter fngg; and, de ernining a_characteristic of a target body region based
on thg]de BF P AurRP & 9 O foker el Bf O heNBI BLEFRLY t8f OFoXaFE1s 19, A

met hod for processing a conputed tonography 20 neasurenment result, the
conput ed t onogr aphy measurenent result conprising an intensity for each
voxel of B8 pl uk aténpguiofr vioxed sam whieeredmt t heh ebhodheonpriesaseddeéterni ni ng a

1t cubacaupol el uisl Lol voxelocRnd 7 REERd subotoup ol e

plurality VP Voxel o : _
i nt ensi tigscother dinbetioof apioxehsaoliréhent i rstusubgeadpcehpuexel s for which
the intensity has been determ ned; o ' ,
10 tomégraphy measurement result comprising an intensity for
each voxel of a plurality of voxels, wherein the method
comprises:
determining, for each intensity of a range of intensities,
the number of voxels of the plurality of voxels for which the
15 intensity has been determined; and

determining a characteristic of a target body region based on

the determined numbers of voxels of the plurality of voxels.

19. A method for processing a computed tomography

20 measurement result, the computed tomography measurement
result comprising an intensity for each voxel of a plurality
of voxels, wherein the method comprises:
determining a first subgroup of the plurality of voxels and a
second subgroup of the plurality of voxels;

25 determining, for each intensity of a range of intensities,
the number of voxels of the first subgroup of voxels for
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

30 which the intensity has been determined;
comparing the determined numbers of voxels of the first
subgroup and the determined numbers of voxels of the second

subgroup; and



determ ning, for each intensity of a range of intensities, the nunber of
voxel s of the second subgroup of voxels for 30 which the intensity has been
det er m neslp 200mpansng t he det erm ned nunbers of voxel s etTiSkeofiionGs4
subgroup and the determ ned nunbers of voxels of the second subgroup; and
33 determ ning a characteristic of a taBget body region based on the result
of the conparison

determining a characteristic of a target body region based on

the result of the comparison.



