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I mges Field of invention The present invention
relates to a nethod and apparatus for extracting

cerebral ventricular systeminformation frominmages
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automatic algorithmto extract the lateral and t

ventricles from Ti-weighted 3-D-FFE MR i mages of the

human brain. The algorithmis based upon
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initialise the ventricular structure surface, the

&Jome T} raylbt er @bbpfeelnﬂpcsﬁmaqt eﬁcti@%ﬂﬁ%@ﬁ?ﬂeﬁl) ef &Q‘iﬁﬁa and

Bﬁ’&x " EBRpHRS ViGHn DAY RARSd BRadithe V1% L Cln 38-
d?scﬁopei Lah& 05 eB@-ﬁﬁ*@ ﬁ)r b sﬁ Hplates allljcll) uses

e\ %{: %?ir 2&5} rganst 1%&& ﬁ:%t% ofrgg; Ef—D and 3D
glc&fr “Eageéo % gFApAtOn PrQvideseele aRP fopsitaints and

gHlows the mads] tofleform onfpyin ays inaplied bghe uwnngﬁe;m Blee shage of the
medsls remersnt P@ﬁ@ﬂs By seBoH landppark @oinththal areppacegiSn tb@ same way

dh 98| obsst bourstanyt ins edchainptteiotage qllee paintsbesnl b egnnected to form a
defoonabibrentsiraBy dxamphiag dse anibtivs 66 trainhigs@teftlasudly-labelled
eetiicalcimagas,| Sidsusdig) prfcipalnomiidbndiet 4rfag/sike it slh'aﬁé @Sodef §ORrived
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medi cal inmages, and using principal conponent
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“Oa'm}r"%aée;posul ons and the maj or nodel s of vaPCASGEM3PN0043
the object points. New shapes are generated using the
mean shape and a wei ghted sum of the major nodes of
vari ation. Qbject boundaries are then extracted using
this "point distribution nodgl" by exam ning a region
around each nodel point to calculate the.
di spl acenent required to nove it towards the boundary.
These di spI acenents are then wused to update the shape
ar arre hts There are several problems with
F’E?F ce u“%ée ATES FiaY #&S GAuse mateliing prablems for example,
i oW} QrimoincetEeet howngdary+ Withoutyser fintetagtion, the atlas can
haedi 4°ut Y §Pevesging imeomplicatedfobjésy bowmlariesh, t he
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automatically. Sonka M Tadi konda SK, Collins SM

wo 3lneavsesge- based interpretation of MR brain pt%@e%m‘,mm
| EEE Transactions on Medical |nmaging 1996, vol.
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| ess than 5 m nutes. Due to the conplexity of the

wo YRWhii3¢ e system and partial volune effect FET%ZOOM)MM
i mges, the algorithmrequired a fine spatia
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connectivity automatically. L@éindervold A Storvik G
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fluird in multispectral magnetic resonance inmages,"
| EEE Transactions on Medical Inmaging 1995, vol. 14,
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gmdairﬁenﬁd[yunhorﬁwgﬂﬂanmg]meaddmon( @SRNEHMRIt BEgEse, alk'&'ﬁatlcally the
pucsbnid pISSOBRRGROA FAm theBtetteaivni &ﬁ@a@sﬁﬁ'ﬁmﬁgﬂcmg ed cause the

menbefosdatsagithniktoanah Y5i ROV BEGM to g@feg,sﬁm
subarachnoi d CSF vol unes from MR | rrages met hod
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hg{ggb%a %n%fﬁ'oms ﬁﬂ%ﬁ‘nd?e%t?gtsﬁ?m@él and the brain
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sthtiag pelnd fdraesmeManiét bPeeretriStioturds 5 qu [‘?er ventricles, by
heRid £¥ive 'SQH@JeS of 8¢ ﬂhaﬁpmﬁko cﬂ%" m} nLler D, Fisher
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d@%?ﬁla“rla%té’al OffhrEULPRFH Theeaperaapl reduirks abeut dwoseinues taanayse a
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determ ni ng the severity and progression of nultiple
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Woﬁ'ﬂ’.“%%%’- 491. Howeer. this nethod it is tooPETEERMM00043

ventricul ar volume anal ysis. Brandt Mg "Method and
apparatus for estinmating tissue volunes in magnetic
resonance i mages". USA patent US005425368A, 1995
descri bes a fuzzy approach to, di sti ngui sh CSF, grey

matter (GVM), and white matter (WM pixels in MR brain

i mages. An unsupervised fuzzy clustering procedure

based on a variation of the fuzzy c-neans algorithm

omput es aytomatically the percentage area of each of
ger?gglé“}? ﬁP’éf’g’t‘e Onihar disaves PE sald telushrg éo cldsbiffp ulh vedying pixel
FPPYESHNWoParHR SEpapings, whichapqteritimilly costeapdrst toc diffeddnt tissue
g Shens the dubtent rafines dbe anitinheegmediaibnr eguits dfitol R separate
BIAYRINg using onn wripere kabwihkidgé ewlenthat eoraBInt HRXH] SnicRsitifewith the
sprigbeslatiodstap pdinasteinéval Wihdtlredl & RIcHenRS drMore 3MRIRL A Tregions
of/ érel Irpin0fA [P tEITBRten AYXIGd 65 mofd 5\%&:‘3@@: I ¥tes Y9 combine
pixelmiitensitics fveiiie Rbatia$ REGLIHRhi G?Qﬂgtlﬁucoa s{*ru?t t&"% 15cate one or
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4 DRAR VBRI 4RI RRAL] le [PELPRSiRL ol IRA R and an
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i nBer vesravong imhgesiof abatricigr egidnle edgleretieosity fo? 1daAsHsEnto
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Summary of the invention According to a first aspect
vention there is provided a method for
W8f2‘t"hnﬁzj‘E cerebral ventricular s stem i nfor fGI/SGR003/000043
frominmages of one or nore cerebral ventricular
regions, the cerebral ventricular systemconprising a
third ventricle (V3), a fourth ventricle (V4), a left
| ateral ventricle (VLL) having a body (VLL-B) and an
inferior (tenporal) horn (VLL-1), a right |ateral
ventricle (VLR) having a body (VLR- B) and an inferior
(tenporal) horn (VLR-1), an anterior conm ssure (VAQ),
a posterl or commi ssure (PC), and a mdsagittal plane

conprising. the steps of. 1)
dAécI‘:P ?fg Hu?t B-Y‘g ?Sé’ﬁ?toﬁg thy ipyansipasthererds )prpvideder method of
Ing the VeRsFicHanRgySteapby pointing the nurmberadohxeeof the)ventricular
éVﬁWrﬁ}maﬁfﬁQ@é’ %)fﬂeﬁ@ﬁlt asi dafiingd abex amsmmitiplging ahis eotutrigy voxel
fvolumeakages into extraventricul ar space; and 4)
connecting the ventricular regions growm. According to

a\cseritng tappeiferdd Elhﬁodlﬂx\éﬁﬂtth@ﬂ/ehﬂﬁﬁ&r's%sﬂ%frlo‘i’d 8RskedNinto six,
AR e.dah&tsicHal 0P toid: rasa of M 2@ l%Fé?MevéﬁE{aé’di’od "offthe right

niiehe N R RTROLEIER M ¢Be 3 M@t YehicR Opub LR,
SR Rl PR o BRRE T %n;?m; the righ
g

sﬂlYeg)né #)?:Qxe 113 seﬁ:c{e% :Hld r&/) I[rjéj%?? u ¥ g‘%ﬁg@ 6 d on it based on

%‘g\%ﬁrl aq 131 8 0g é(?ﬂ 1 1{yoo the entricalar system. Within

hHea AERsC ‘61 ’ﬁ vBichchractsnias theghistriutipn of radiological
mm&eﬁs W@ﬁﬁhpﬁw ImagFdary. Sorine IEo0on NunsreuscROL arg placed
i seme Higlltdelimed decations tohsudynivesityi the distabetiors opearsbroginal fluid
4CHE), hapely ofatter) (@) fiyd mite meattee CWIVIE Ults nfakes €69 Bgorithm more
cehust amd) fithiblen dfrierreqiredodiekibudn e cvRHAEEE W@ is not achieved,
Shis ROD i ddapededd rdtncad bRt hﬁ%@ﬁbﬁ!@&ﬂ &%eﬁpﬁ‘éﬁ:daﬂg the algorithm
e DEADTRAL RE FisEMidon RY M ata, \{Yﬂ es Ca Hol%olPtract the
FeRbielSIFRE & ¢ %?qfnaOé 2V G4l Jhg é Xg‘ agd ﬁlinsequentlv for

l.at s
d+ g ek B \%1“0 o {g[ -\velffrlfg? = ﬂ&? “t V*P frifpiar space
d Eﬂq% V%xr Onl g OS;W &, cgpdipt tishtsped & terms of
e Pe POy P BTORGRS %‘ri stm‘ée’r growiing &y ggpeated. Finally the

IPYIRY E=iPRs [FOWR AIF | rBsciath & B %‘tlllif vénpedegdagy, the growing
W itionsandierpbing fllé‘tﬂfalﬁﬂlrlé@wdmg*a suitable plane is
selected and a region of interest (RO) is defined on
Furtherqedfeond fzatatoay dafided inttke dépendersttcltdines capt uri ng
variability of the ventricular system Wthin this

Bolef Deberiptiod bftHePrawifgsal cul ated which characterize
the distrrbution of radiol ogical propertles _
ﬁ’bé?&l‘?légﬁggd 1e91fts b Ena Qe%t %te%rt%g ci_@;é llhh%\é:cq%\/ I'ggd’ by way of
FA aél ons f tdy |%‘§§|3F§P’?R?@Vmgs PYVEREE W

&ﬁﬁr} Er osg]P fluid (CSF), grey natter , and

1 OWTPB.th ﬁ"ﬁkse%l Thembegarent phi mteod according to
HsH0%entioRd f1 exi bI e. If the required distributionin a
considered RO is not achieved, this RO is

a2 isvetadiolegivalathage dhdwing di retiohiftihterest & a cerebral ventricle for
cacdhting tieaddioRgical bipaty dfstritiifon A dkes psixiPHéteinkihMtion for the

telmelagétﬁtvemlmld on of image data, this nakes it
applicable to extract the ventricles fromany type of

FRoPi AR Qiold QS ifuaﬁé ﬁ&yﬁxk %rl'e,!g 3n 0T Thtefestin 4! geernbrlayvefn?rricle for

seed point determination for the inferior (temporal) hom of the right lateral ventricle;



growi ng each ventricular region. \Wen a | eakage into

L raventricul ar space occurs during regi

WO {1.94/@?‘75 the growing conditions are ti ghtened ??}’S%'F’PHQ"“O”
of d| strl bution, direction of grow ng, and space, and
gromng is repeated. Finally the wventricular regions
grown are connected by relaxing, if necessary, the
growi ng conditions and appl yighng anat om cal know edge.
Further preferred features are defined in the
dependent clains. Brief Description of the Draw ngs
Preferred enbodi nents of the present inventi on wll

bflsdaelsaﬁwlgﬁgalk{% g’agw%l g%"rﬁ&%e te \Ahn Ee?rf l()err ventncle for
f %; q\fig%éﬂ gngq?o%&cghgmgte% 1srtq,pué1|qn 58? wpt gqtelamnatlon for the

Y§ TS rding to the invention; FIG 2 is a
radi ol ogi cal i rragie showi ng a region of interest in a
cElG@py 512 sadisdogied] dmpee shayeing alragion gf titerestithi otaxgbrabventricle for
perégdatu;g b sadiplogicabpropedy diseribupion rnd de¢dpsinhadte@iinition for the
t foarthlveftricleat eral ventricle; FIG 3 is a radiol ogi cal
i mage showi ng a region of interest in a cerebral

VEIG. (62 G4 Ehfsﬁfvratﬁ Qﬁﬁstﬁﬁh@iheqﬁéﬁ 'irfﬂe é}nf)ﬁ’t‘i merebrospinal fluid

L{edn%): %F 200 gmw?u 07%@5@‘&%‘# %Of#F'éresh

[ a ¢ e sho I Qn of i nt er est
| FIG 4P, gp%?f f‘f;e Rfarn ot 6 %ar 0rige e iU, mean, and
r &IB}%V 4fs ‘bér/IB BritY fogacopsidered 6pmBoRFMEeed poi nt

determ nation_ for the third ventricle; FIG 5 is a

r Bl§- J| shgive zﬂngi“‘rf‘é@éd smeaihag histegsgnoaf Bfe intensityof miatierin a region
cefristsrest; ventricle for calculating the radiol ogical
property distribution and seed point determ nation for

t Fies. 8fipahisogramtafiaaheltipfl galylfr fitiin@ohihetif@ha histogram of FIG. 7

i drdusitinaial Rgrofienatidp @k tiradhesi ty di stribution of
cerebrospinal fluid (CSF), grey matter (GM, and

Vi @amRtd £Ri i kal "

| Sibfe o t of ' t he %ng%a SEQ%VE%%F(@&%@IS fg;\%mﬁﬁ}d ngjlt%k (Qm) into
m ni m mean, and naxi mum val ues of |ntenS|ty for a

Lhdered 1 , FIG .7 shows, original and
?ﬂn&f Ph S’ i GO BGrahante: thaivs EnGr POt raeweh repirigle (V4) int
reyf&iHf'™of interest; FIG 8 is a histogram of a

nmul ti ple polyline fFitti ng of the intensity histogram
ofIGF110a B 2 aplaemeatici lusiratinga prgiox comicction dh whicksivel dsd second
Rle@on9a dnd Rareauit cbmgicted|thiongige tiahkbiigivg Che di vi sion

of a third ventricle (V3) into subregions; FIG9b is

FIRA0P LY damali AR LS er&gmtda»%néduo}{o%*tﬂélth?ée ﬁofoﬁybff’m 10a
Vﬁlﬂtvﬁﬂgcﬂeeloﬁ]%ré‘\)nd oRith a B4 N RghARs; FIG 10a is

schemati ¢ il1ustrating region Tdnnecti on in vvhr ch

EELORE TR i a8 AR5 4 o
StPatlist ﬁ%%g% RWhterridseash athe falloseng Pgrfermanse of the

FReratippgof & adegi on growing with a rel axed range;

FIG. 11 is a radiological image showing how the connection between the body of a
lateral right ventricle and inferior horn of the lateral right ventricle is achieved.

Detailed Description Of Preferred Embodiments

1. Abbreviations used in the disclosure

The following abbreviations are used in the present specification:
- AC — anterior commissure

- PC - posterior commissure



FIG 10c is a schematic illustrating region connection
waihweensd he regions A and B of FIG 10b aftepctBeynnsoonns3

are grown towards each other follow ng performnce of

the operations of FIG 10b; and FIG 11 is a

radi ol ogi cal i nmage show ng how the connection between

the body of a lateral right ntricle and inferior

horn of the lateral right ventricle is achieved.

Det ai | ed Description O Preferred Enbodi nents 1.

Abbrevi ations used in the disclosure The foll ow ng

abbrevi ations_are used in the present specification:

- AMISP pptidyaghtal BlgA®i ssure - PC - posterior comm ssure

\AD Y004lager7izeatreGT/ SG2003/ 000043 10 - MSP -

i d¥8gi thirdlveptrmlee - VL - lateral ventricle - V3 -

t-hi vd viondthivehteicle V4 - fourth ventricle - VLL - |eft

|-at §1al - Witk 4l ventricMLR - right lateral ventricle -

VLLyBR - BiglyiabaitvestdcRf t lateral ventricle (including
theygit ﬁr' Bbd#ag tﬂ@?etfﬁfaké?{il VJZ&I nc?zgléxclu\c{ - e anBQbY @l posterior

t he t lateral ventric eanterlor
and I r t e I
Hor bt—ﬁ OF%PF ﬂ} a’fl%l}t é?te ivFII;\tng i %Qhe ar}Rex]fi& gnd postenor
(te ) harn of the right |la eral ventr cle - AC-PC
=it EUW%@W%FPCI@)W%‘F‘)O?F%W 1i5t§§%| rough t he

AC YAR-Peinferigptemperab bam ofgharshtjatseal ﬁ@ntflﬁ ough the
AC AG/PC - 1n¢mmmrakssmah6¢elayb)adsner@ssmg tugueh the Aﬁ%and PCsF
-- céidbrespimabplahd pasding tiEPugh thgrAy matter - WM - white
mat VT = chiChal-plingpadsin® titowghathe PEQi on of interest -
2D CcSpocHtBrBthAlTRid (or two di nmensions) - 3D
- higg-diepskgnal (or three dimensions). An
ean@lm{re{%mgfmahgle present invention provides a fast,

[

aut &ro-a c%%mre?mof [hugt method to extract the

comg et .S stem of , for exanpl e,

E fﬁﬁ% éfd lﬁf gﬂﬁ i mges. The steps

con HdRres ISR - in the flow diagram

of FI G 1. The ocessing of the nethod includes at

| Ansmbfodipent aft %sspresrsnb inyentiert PeTvidased prsbsapematic, accurate, and
i 1obasitrhethodvtd Extiast theseomdetd cerebrad vendistlar Ssysigment, r example, a

biniredn 6hisg, s ordiclh ¢ichleisemcst. s . stefh eoptio@gstha gndheps: shovm

| inl tHs tfloat gfdgiam & B16| DWTde s RWINd oF tHe. mdthodiw:lades at least four

f GkpzOVBhe msthod of the present invention will be discussed in more detail after a
brief discussion of these steps.

The processing steps, illustrated in the flow diagram of FIG. 1, are as follows:
1. The first step is to load and reformat the image data.
2. The second step is to define six 2D regions of interest (ROIs), each corresponding
to one of the ventricular regions, VLL-B, VLR-B, VLL-I, VLR-I, V3, and V4.
3. The third step is, for each ROI, to:
3.1 Calculate statistics, such as the distribution of image intensities (Step 3.1).
If for a considered ROI the required distribution (for example, two or three
identifiable peaks in the derived histogram) is not achieved, this ROI is
reduced adaptively and the statistics recalculated (Step 3.1a). This process is
repeated until the required distribution is achieved.
3.2 Define a seed point within the ROI (Step 3.2).
3.3 Grow a 3D ventricular region from this seed point (Step 3.3).
3.4 Check the occurrence of leakage for the ventricular region grown (Step 3.4).
If leakage into the extraventricular space occurs, tighten the ;owing range in
terms of spatial and radiological characteristics (Step 3.42) and repeat
growing this ventricular region.



1. The first step is to |load and reformat the inmage

W@ ana/073s9 The second step is to define six 2D pegiseBdosonnngs

of interest (ROs), each corresponding to one of the
ventricular regions, VLL-B, VLR-B, VLL-1, VLRI, V3,

and V4. 3. The third step is, for each RO, to: 3.1

Cal cul ate statistics, such as the distribution of

i mage intensities (Step 3.1). ™ for a considered RO

the required distribution (for exanple, two or three
identifiable peaks in the derived histogran) is not
achieved, this RO is reduced adaptively and the

sthat The fosgth steapds tutenmect thSremom. stowh: VIHiB WthOCEEY, WVER-B with
r epeVERBd, wmtli V3t with r'éduiStepd4)i Slioculd ukd Qﬁnbﬁaoﬁﬁﬁbe%é%ﬂms not be
3. 2 domheated, a ttre @gowinightange t Sduld he %?axe(dStLﬁfpteﬁng) of %p ial and

G ovradioBigioat Rharaéretistics 208 gBswine Qi
(St qStep-43). 3.4 Chec kcst he gg{:bglurér enc]'lieuegfu%%(lag ageﬁ{ms are achieved

the ventricular region grown (Step 3.4). |f |eakage

' Ff@s t’>h1% ?§ﬁc§v@‘f§d}6lo'vi:clé{ fr‘m&e gtqggcu;%@blrﬁ he%ﬁ%giaééystem The

c erl sS ?ﬁ%{ 1310484y ﬁ‘Ef ’r“é%’é‘cﬂna niictedy of the left
ﬁ?? %ff‘ 18 “gou ] imesy GLBISHR 20mUG he body of
rjght YHerat ¥ IEI HedReps Sh;f?“/tfldnéquémloglh?é imegs OfiEIGs. 2 and 3, the
gfné%wr harp of the deft \atera] venfripleBnod strownV)fRel infesiod Bétn of the right
wiatgralventriile 3 443s sttvauirdthetrediotgioas paned OUFIRY] PleShit@tventricle
b&b, asoshoaat ad thet i‘adlcgogmll’hglargal’tgf@I@Qwaﬂdhﬁe rf@ﬁﬁﬁ(%nt‘n@le 18, as
t glrovm infthspaidlagicslrithagé 8FFIT}. G0i cal characteristics and
grow ng conti nued untTl connecti ons are achi eved

(Rtighin 4aoh vei§&ulardebfon® gifl ga%'ltta oronal) 1s selected -
Wrr"gﬁhﬁg’/} erdbE (it )Ciu d Sdhggi bve:ln? %aﬁ?ﬁ@i literature
Pﬁf hd' ity ﬂ%t" °9f Vee.n uf;’é ysft?rei fglféf:”o tag SRV for the
' i Enqs cEerepfy mmerale 20028y 24 and 26
{g q;g ge % n Qs Qs ‘ii%ﬁ{aFP‘%}Dqullzdeﬁ\%edéhmnp tp sthdy locally the
HagR eafershragunalflupd €SF)pstgyienatter (Gid), andfvehiteamatter (W),
horn of the left lateral ventricle (not shown), the
i Ateordiog the prefefred drebodiglent ofithe Rivehtione WithircareR &4, itAatistics are
stedowtatedwhivh ahadiceriag tieadistHbage @fradibGobal Ilﬁsfﬂttf@s (flensities 5) of
viantimagd @ata TAG:asa, SO WMani 13 ﬂlhﬁréiadérg’l"@%’rg it H'{E\ﬁ%ui‘?tna of CSF,
rﬁ?ﬂ] éﬂ%é%tlgﬁ%gg%@g? iﬂ%&* hfd it g’:‘etﬁﬁl? ﬁJ?? ta:ll b 1]9.\? If the
182 1ti cetdentifial he_nts am
I &95BredR Erh%t &hé Rgl} 1 élg %I‘T ﬁl o GO p%ct 81;3 gr’autzolrlllls

18
S e e
ey n&irieﬁsﬁ e

1%@@%11%\4@? $RAGP QECUSY uriRg ragiaBsgrowing,
STOVIR FANAHOYS Ay tighienedyin feane of distmiution) disection of growing,
iandysRacet eBd grewinends aepdstedt Hunallef dreememriouine rragisns Grown. are
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t u at e
§ § th o f agl Qﬁ cﬁvxg.‘?n FFIEQC §1;tg lons. V3

aPlaggs passing dh@ugh wgtanatP namely
vaf?*Fo St 1ed§‘§¥‘?31%t1| omiaiies thegRost aatgranventutltprrhof V3,
a?ﬁPW ébe 5956 byi ¥AGs anst AGrP@planadeThe lsubrefziow. 2 cbntains the
tpest dorsal part of V3, separated from the rest by AC-PC and VPC planes. The
subregion 3 contains the most posterior part of V3, separated from the rest by AC-PC
and VPC planes. The subregion 4 contains the most ventral part of V3, separated from
the rest by AC-PC and VAC planes..



required distribution (two or three identifiable peaks
wonoterismt ensity histogram) in a considered %Eh '

not achieved, this RO is adaptively reduced a @G%muﬂmmus

distribution is recalculated. This distribution is

used subsequently for growi ng each ventricul ar

regi on. When a | eakage into the extraventricul ar space

occurs during region grow ng, 12t he growi ng conditions

are tightened in terns of distribution, direction of

growi ng, and space, and growing is repeated. Finally

the ventricular regions grown. are connected by

rel axing, if necessary, the grow ng conditions and
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|cralcmﬂuted1 for Sikampl, S@ENdhE eQleMda ﬁe el Bf emfational Patent
retied N&Hr PG/ @Mmrfo@l fiedl i) Rames of Hy.Q, and
Fj“ LS 351&%@1&50?2&%9& o of .qr§1 s Ifnr HSRHLEY Sihimetly in 20
lél? 3p ﬁ]‘w e 1rn ° s fm?yegr 6MS ”1 Alegn fprpsrample,
l %‘ A : LR ARplotion i riss He@00/00153
adbs epske Ynaadi Thirunarupksiresitns 4nd entitled
%Q éﬁaa@méf@lgp‘éﬁmmnt@@mﬁb@@ash ot her after
perform ng operations specified in FIG 10b, but
rayiten MIP, thedAB and the iHQ aroknewnnert @dageNg¥ta of the brain are
rrefonanged @pn@atheasC-RE plate, ﬂ%tMSBtoatheSVA@su‘éﬁkKalt‘ |afi‘itaF Qoronal, and
viatittahotifit Mo nge bRB1abRUISAD JERW R % IF p?ff 1ts the use of
aggiofientatién fokkeitink YA RALHI teﬁﬁnfnﬁg %ﬁgﬁfelﬁ E?%r &t g %ﬂ

body of a Iateral “right ventriclean

t V. di squssed |n
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IThet RRv HaeBRRidAf cdde: isQin 8Hsual situation and the accuracy of obtaining
quantification of the ventricular system from low resolution data may be unreliable.




W., and entitled "Method and appar atus for
wgﬁr\%ﬂﬁ? |)ng symmetry in 2D and 3D i mages". TH&ET/SG2003/000043
positions of the AC and PC may be cal cul at ed, for
exanpl e, using the nmethod described in International
Pat ent Application No: PCT/S&0/001 35 filed Nov.
2000 in the nanes of Now nski A, and
Thi runaruukarasuu A, and entitled "Methods and
apparatus for processing nedical inmges". As the NSP,
the AC and the PC are known, the inmage data. of the
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ordk mferest (ROISL pealefiagd Gomrespepdingi ta the Gentripular regions:
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PCT/Bep®8iB5000043 13 2.2 STEP 2 : Define multiple

regions of interests (ROs) Six regions of interest
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subsequent processing. Both |atéral ventric

aﬂ@th&@olﬁﬁle%@m of fheﬁi@?ls ot Qf@ﬁ‘e Qﬂra“ﬁa}éleefx yar; ab%rﬁ i erature it

eb@n de Y& IME@ at\ﬁg rq (%E outrplse
Th %stR‘ﬂ’& fisen  EG.
E %g‘? pedPoriBet e“% %ﬁppf % TarThomss §iehulisher]. The
t e a%f?le‘feamﬁleé C3R 8¢ HleERINGA 2pd s mg:atlmrmmq@aso 34 mm .
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10huss a heightyblf AG-+Bamgeld atliwppéiletofbb%ﬁmﬁéﬂm ricle 12 in
nmost cases. The di stance between t

2.2.2 ROIs for VLL-I and VLR-I

The temporal horns are very variable. The maximum spread of the terminal (most
ventral) points is around 57 mm and the width of the temporal horns is around 15 to
20 mm. They curve medially as they progress posteriorly and the maximum spread is
around 73 to 90 mm at the maximum convexity [see Radiology of the skull and brain,

ventricles and cisterns. Eds: Newton TH and Potts DG. MediBooks, Great Neck, NY,
pp. 3494 — 3537].




| ateral margins of both ventricles at its m ninmum

, is typically 30 to 40 nm (see Radiology of
Wfﬂéﬁ@ﬁaﬂ and brain, ventricles and ci sterns. PEESG2003/000043
Newt on TH and Potts DG Medi Books, G eat Neck. Ny ,
pp. 344944 - 3537). Thus, the mnimal distance
bet ween the MSP and the | ateral edge of either of the
| ateral ventricles is aroundlvé% 20 mm so the
| ateral RO range of MSP to + 25 nmentioned above
woul d appear to be justified as it encloses the
| ateral boundary of the lateral ventricles. Al though
t he hei ght of the RO is not generally available in

tﬂg gr[# ature it can be calculated from

% %%Q:i 24 F‘§ trf@@én RSsePtand 3 ameset on the coronal orientation
®Prcephal ography, ed. 2, Springfield Il. 1967,
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seepoinghanged theeR Ohfir milsubsequentiprocessedaliBeasdi ol ogy of

the skull and brain, ventricles and cisterns. Eds:

Nethe GGl ferarad Potts DG Medi Books, Great Neck, NY,
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ar esgigtt tROMdre coronal orientati on as follows:
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, (395

th ‘% Geer) % of the skull

% B acTarg ﬂawt Rgm bispiyoq et gien of A Boraiswhsequent

venPiFeEE and cisterns. Eds: Newton TH and Potts DG

Medi Books, Great Neck, NY, pp. 3494 - 3537. Draw the

Fot-# ESHE bl Wrofile at the level of the inferior point

dfitieBy a laenRiATy24 e useihnper vk, boligusHiagdain FIGE b€ The length of

proéduceisaskdnte Heak@ial 1IRSES Minglhngditgd PénO‘gP@f 16 R4 as around

kP9nemRdri @\WMef ot a@ﬂ@uﬁ@a@%n{ﬁﬁngﬁ% o%ﬁdﬁ&%%& the skull

tahe LMER: Vc&ﬁ’dlé%eandtc}f#ﬁ—ng'ﬁ&s %rpT Egﬂ ' XhediBooks, Great
t is, it has a

B gﬁ 3537 Ql
he ventr 3 a<51‘lnt B‘Ea‘? ¥8h fha
S I e B
3?5%?0%85866‘?% aﬁ‘é%légl a?%erealpeaow)T is gha@y in FIG. 5. This
Temgy ige udgnthe (Avus (hape).vibatambient €(1$tﬂﬁ1equwirﬁgc)nma[l$eﬂem and
PlSGm%}TlagBa egsp undesieabire sirudtereR@an fher exadllbdeduifsthe REDE is made
prianguks end 81 apeaspointihgat rcaRtidinin pédtefdrepBRriR2 for V3,
as illustrated in FIG 4, is set on the sagittal

dht ROIEE s@nake saftal OM6ntatlon RefoB6Hst he | MP.
1. Select the MSP.
2. Set the rectangular region:
1) posteriorly between [PC, PC + 50 mm] (the sign ‘+’ means in posterior
direction with respect to the PC), and

ii) dorsally between [PC, PC - 45 mm] (the sign ‘- means in ventral
direction with respect to the PC).



2. Set the initial rectangular RO: antero-posteriorly
between [AC, PC] and dorsally between [AC - 10 nun,

WOROI407359nm] , [see FIG 4]. 3. Refer to 2.3.2 mehoatoh 600043

the adaptive determ nation of RO for subsequent
processing. RO01 for V4 Initially a. large RO 26 is

used for V,, as illustrated in FIG 5. The |ength of
aqueduct is taken to be arounﬂ 12 to 18 nm and the

| ength of floor of V4 as arou ¥ 29 nmand its hei ght

as around 20 mm maxi num accordi ng to Radi ol ogy of the

skull and brain, ventricles and cisterns. Eds: Newton-

TH and, Potts DG Medi Books, Great Neck. NY, pp. 3494
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i s BECBHS ne saglttal orientation as follows: 1. :

Sel ect the I\/ISP . Set the rectangul ar region: i)

fopeach BOInun] (the sign "+
@Jgn@alcpqiatp@ﬁtaﬂsng& chdawten:ta tire distributies peft intémitied ein PG} , studied
aeglon iof idsresal The htineROI{ PG, 2PQ24 aﬁ5 297hre( EMRerS istiéh that each
“contaimsainse bmn}terli‘dnt@CSFdGM%tlm r39§ E‘?‘ﬁ&e tl? Ftopg Cﬁnmdered

RO, 1tV‘&s?§hQﬁer3 Z&%@lta@gf_ra/nf% % 'G’R{ are
SdfeerhineaSdsqlh }fatRBNIFIG! 6 values are calculated:
Shaaht hﬁ‘rﬂ 2ndHax ¥ Iy t 0 t o ﬁ ug4od maximum

Eg 08 - S (I.'lq Vgﬁ?y
s Ypl93 a?rrwed G Ciopgeaks in the
g é°t“%r ?Eé I3 1n"%tar %“Egtanﬁlﬂf legad atiationsy whishehampers
%&‘ ofg ?16{@ of- Thercfust omeoinitial gimeothing can be
@Hlé“ nd* ipfengity,; 1$tnbmmg éppiegimatedi fral instpes.ebRGmploying 1)
M%Ikguhlrpémpb)qu o) fravssirasppfaxdmationsant eri orly and its
apex roughly corresponding to the apex of V4 [see FIG
8]3.1 BictRefaer proreife 2 bel ow for the adaptive
detlerdnatj an, of KA 26 GE @fm&%eﬁhhtﬁ&%ﬁﬁﬁ <fht 2ifl produce
StRERIC311y :@hﬁéﬂn@tfﬁldﬁia@tﬂéé 545 foPlve @'ﬁ 188 std 8 LraJtmn FIG. 7
Glﬁﬂt‘:‘;"ﬁhlﬁ ﬁ.@iﬁﬁﬁ%ﬁﬁhﬁ? %{ %ﬁrlgb:l c%nt rﬁngi 'tgz EI b afl e tmjps and
fﬂ: B 35% Jghct ta’ gdugece gt vhere te
rL r;llh tcﬁpé ) & glo %ﬁ&aqmther classes, if
E‘ eF\’e clesy gre 16‘3 bdoﬂ@ﬁ?jé??étﬂlﬂymmeqt@ck pixels with an
TSy EfYseR Walﬂgﬁﬂﬁ’ﬂ@dS%?ﬁileﬂh@te@&iwhreehndds radgesbed below.
CSF, GM and WM are determned, as illustrated in

Fhese % fivEstepede Idetmnmrthatmtemdimyethreﬁﬁdﬂ@ﬁoa{ Bistogram peaks and
vallays] at ed:

1) calculating a specific histogram of ROL;

2) smoothing the histogram; -

3) identifying the peaks in the histogram;

4) determining the peaks corresponding to intensity values of CSF, GM, and WM
using neuroanatomical knowledge; and

5) determining the thresholds.

FIG. 7 shows the original and smoothed histograms. The smoothed histogram is
obtained by applying Fourier Transformation to the original histogram. The
following constraints are imposed to exclude undesirable peaks:



mean, m ni mum and maxi nrum as shown in FIG 6b. The
] | T nd maxi mum val ues correspond to valleys
w%‘ﬂ)ﬁe thsfel mean val ues correspond to the peaksPCHSGR&3/000043
hi stogram Hi stograns of real data have substanti al
| ocal variations, which hanpers determ nation of
gl obal peaks and valleys. Therefore, sonme initial
snoot hing can be applied andqgntensity distribution
approxi mated, for instance, by enploying 1)
triangular, 2) polyline or 3) Gaussi an approxi mations.
2. 3. 1 Hi st ogram processi ng Each RO 20, 22, 24 and 26
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hi st ogr abistogram, asishowe by dine3 ing1Ge8 $sectmhpolfhine fitting

exanpl-e, La¢30ihe @bk dréntentin] valle @prrespoAdiRe Ak CISF and Wm cuided

i gnor ed b¥ ntlroarmtdgi:wesa rbrhlﬁln'c'{?rh?ﬁﬁ 'Flé'ﬁ& @k, if 19'21""11111-d that the

exanpl e, hﬁ%@nﬂt&a% bkt henpuw bl @igﬁtp&’ P'i?;ﬁ The lowest

hi st ogramtpnq@f &l & ,.,@ fich g al Idof t eI pea |nkt e

hi st ogr a Qan an ra i ol ogi now edge

is | n%orgg;%a[P ng Ly @?'2‘590 eyt I‘?& é’? ecﬁ?%F Mg fepthe peaks

CSF, Qv cﬂn a?FEP polyting §itings rheee poiaE arne initial
hi ghest S @Ft BMel sand osonmnp rand 1correspond to the

wei ght edvevigal \Nﬁlpfr @Oﬁ‘ﬁlemlFéGJe&t intensity peak

corresponds to CSF). Mbst existing nethods cal cul ate

tiheseCantigMttrbsheddso il bye thitiged ddaptialpr @@teothd REowihpOof the
emtkisulapsysesmp onebipd GvithothEpktianeb1iadk efbét oalisthals ogeneity.
- WADI threshol ds by taking the average |nten3|ty

i3 Neatize RO fdiyhg to GV and VWM Inthls

| ARVIBOLHiB5) blfse7 Wi i ”%n M esh §h8 % s?case rior
) el Bltwa e prio

d)
u a

ey G Bl o
@;\% %r%e ;fs dpreaning that’some peaks correspondlng to either WM,
a.re so small that they are not easily identifiable in the histogram). This

may hinder an accurate processing of the histogram. To improve the density
distribution balance, the ROI is reduced adaptively. When the ratio of the WM/GM to
CSF peak is greater than a given number (4, for example), the ROI is reduced by a

given percentage (20%, for example), and the histogram is recalculated. The adaptive
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as follows: Smooth the histogramof RO, as shown by

woldongo7ksion FIG S. In the snoot hed histogram @ﬁ?(%ﬁm/mmms

the positions of peaks and valleys, and connec

peaks and val |l eys sequentially, as shown by line 2 in

FIG S (first polyline fitting). For each Iine

segnment of the first polyline fitting, |locate the

furthest point fromthe snoothed histogramto this

line segnment. Connect all the peaks, valleys, and the
furthest points of the snoothed histogram as shown

by line 3 in FIG 8 (second polyline fitting). Locate
treduqpivaksf ROI iNp@fsiided i@l RN Bs Gecﬂﬂfeagdlhﬁbﬁ% n A"%hieved

V{BlegpLs. Dh;‘(ﬂﬁglbylpeur oanat omi cal” and radi ol ogi ca
| edge (i.e., it is assurred that the hi ghest intensity

@Qﬁ‘lihé ﬁgé ﬁ‘é@ Z%Bnciq%ro %FOC ﬁge :f B'gg is kept constant,
f 1 1 %l PHER g: erRpI 2heorresponding

h ?1 é% G\WPBWTtSIH dHal p@ PW?&@@H@IE 9 Y¢4.is reduced

epB?ﬁ’i‘f%Ofaﬁl PRy Ths ROIs compspeadimede YhbE-1G8R-R-I are not
ERFIIT Stiaticssaloylatigngandronsequentdy remaihencheeged sat 2.4.2 below).
I|nes shown |n FIG S. These initial thresholds wl|l
d witkimyROIr i ng the growi ng of the

Ve singlecsdedpoinist @pfihel wh@ sdch fR(Dh@StQﬁBt af*mﬁelll) HRd the region
girdwil seitd oMt BSEded pbippomogenei ty. 2. Reduce
adaptively As the |n|t|aI R(]s 20, 22, 24 and 26 are

dejig@gd &ﬁ?@f? t]b% e prlor art literature

‘E%Eh @P{ sEé/ fc?rsv 11?; ' GM and
ﬁ’ﬁg ¢ 18 eﬂlﬁl&gﬁ%ﬁa n%} sze?t %gmén%%ﬁ@? e stoming
I'rr S

rt“nihe are not easily identifiable in the
a predile a \Faph Aerepledincassgment. L insowmss tregrabfistness,
t hethﬁlaé’F P profils W lrﬁlprfér/@ xpmpled éwg adyliticgiab linesopassimg one pixel
bal khew and pre Mgkl 4bove ssdsedd adaptively. Wien the ratio
éf I mé ﬂWWO@&Slt CSFG8Empetakorh shgiepARd profle aad $lacehe seed point,

nunfoe exdmple finrthexmadtd e)thistsbeméddl is reduced by a
gi ven percentage (20% for exarrpl e), and the histogram

pst.¥ ec waihAleH 1 INe ;p8a8tk Y eV\D2004/077359

%193&2 3141Q9094 nllzt cc»r_r_ ia 40-&0 Eﬁr r181 reude to the
i‘éfgfrﬁff/ée dﬁ}]%{ }5 EEQLG ! ?lqy HLBEJHL:; ! glhersfore, ths ROI
or @Eﬁgd Ta‘épéﬁg 1‘\?& Pz:te’n mHIéle-s erealmé&up@bptg/eﬁn the
& ¥a WEFSt e Falycicdsmad rpracessed fstastimg Heom the VAC

teriorly. he Cﬁrreamnsqndbg corphel stice betwesnrthe ¥pdhaidihe VRC with
ﬂl@ largeste GSE @dgitn denledateds upethe otatisticke arcTingt IOWn2fh this ROI, the
YaidrBstatisticswith theVAST mnpedreasdd o VDL Thed RS € VIR-B for VLR-

5iTthe soed poinfTib @laced at the E@sRED dénter éQhibrobst TFE My
are not wused for statistics cal culationsS and

2 AIBSSLAPVih ok §FRI N unchanged (see 2.4.2 below). 2.4

PR g ﬁﬁ"? rp@jﬁt A single seed point is

g)efd.an atgmagqu %’ 3.2, Figure 1) and the
algA%

egion “of T’n s seed point.
..) etermirie a pvce on hne segment, whose gray level is closest to the

CSF mean value, and take it as the seed point.

2.4.4 Seed point for V4

The seed point for V4 is defined as follows:

1. Sample the intensity of the ROI horizontally, every 2 mm, as described in 2.2.4
above, starting for example, from PC-10 mm.
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2.4.1 Seed points for VLL-B and VLR-B Each of the seed

points for VLL-B and VLR-B is defined as follows. 1.

Sanple the intensity of the RO horizontally, for

exanpl e every 5mm starting from AC+10 mm 2.

Cal cul ate a profile along eachgsanple |ine segnent. To

i ncrease the robustness, the averaged profile wth,

for exanple, two additional |ines passing one pixel

Jelalsuiateh pm@lepalmg eaihoampieslinessgmeadt (t&id&éea%@ﬂxe' rOBeeRdss, several

CSknssed i@mixafmptancahbe asdnageaipheldvk@easroflaasnhhe] above).

seed point, for exanple, in the m ddfe of this

3segneilate t21e4er¥0t§%$¢h@gsptl}rf’eaél‘f)'ﬁv Lbsd ARG i o

poﬁl'etlirmm%foﬁeheW‘hlen eht léhgfho s B c‘ri"@a% n%oo ﬂfec%gn r l;};eeqllfennttl;lrtlz

RO WehiR (aﬁ@pt%i:tex.%galg t‘lEe nli&1E" Eﬂ'ﬁ%el rg$e t&? e t P;éﬁ ;

and "AC- PC pI ane) NOWN. Pt Cphacgapsnt as the seed point.

above is novable and it is set on

ste{;%&g%ac 5?'35&"1 |"ZA¥L pet ween the VAC and the VPC.

rBF E‘CBPé TEFPBT AEISRNA 1Br tecgdengndeniint stagingrfpomtthe defined seed
(Sbepst- éff‘@ﬂey )- ﬁf-‘élwowe@ eriintionaé whorhoriiwssbi Beter control

065&%@&1&}@ SRE and the VPC with the |argest CSF

region is located. As the statistics are not known in

Lehis bRGhe hifemundl- M Bh§hﬂixir§ﬁrhc§nd’\" *Bhé %aﬁﬁl#gr&%é "(°SF range

cue@aretiah Stbp-3l1 amd (HA 1l o \étra o inten f|1ﬁ5 m, the region

;Fﬁ%rrg%n&\tsoep&@éﬂr&‘?m%e&ﬁ c g gg ! ng‘?ﬁf? Bpe\%f eq:hel_gbéd)e a scaling

CC SJ.U On}%e w
I's " de aﬂ%’b Bt ‘PeHW bRST can@pidedaby using the
6\f1p$ grogflag]éaﬂ(gﬁé HACGP® el @Y(Met}@ﬂ miither warfableevalodiof s. For s
—tq]@nlg(@hp@qapn@h@eqf@ﬁ Is wkdder groayng. doels = B, taé BAERIngt @f CSF is
utihged. G3F medh thalregon gnovit alws be uﬁ&er&éﬁ%ﬁ&ﬁ@hﬂ@'f&t s=1 it may be
ogerdstidnaBee dT ipovaitie 605 haddo Tbeels@ed bRRURN m%tlt}z(t‘%vé Ssessment.
defined as follows: 1. Sarrplethelnten3|tyo I% R
ThandiE@y fgloh oRMEeRY, e mtnéﬁla{j?éo% Hhe% é’lv ed into smaller
SO Ens, Bk allhdiAged H Fe@l Shq Bo”rq« apProa% glélﬁﬁ%Yﬁralt 3ivantages,

n&ﬁggu ate a profile along eac sanp
several |ines, 3 for exanple,

I ncr "é1§18nt he 1rmqbust nﬁ% E
can Ee 08 S0 '6S Shr AP PR 85 SRrBplay s apﬁ?élffi‘]e%laé%d bohsimpler pnes.
abov S‘S‘erf:co“@ﬁr’i?ﬁi“éif’@ FRYINgEHE gnBectinge CSF i n each

aver BEéaT Ipkagt centsqidascio ippeasier thachampith sperifiGdéhisin knowledge in
pr evéasbsubmggionhen this | ength starts decreasing for

ate | B@stssingOisshbseqaenht ds dily aS&Y ' b
exan]ah}a,oetnﬁg m ddl e of the l}éﬂgﬁ%@ng&@éﬁ%ﬁg rgsrowﬁlem case of

SeeszQ:?lllt fed reducticl O %ap tr"né‘ienc% \[ﬁrlng%f erﬁaréugghgsgﬁg?% to incorporate

vent
st arip: %Lﬁ Q{On{a%?E"OWIg? $5.0 ag WPregigipoints (Step 3.3,
Filgur® ‘%)m a%é‘@ﬁ R i HehipiTEnglds 'dilpesdttp dredpcalianahmal | ows

for better control of growing in 3D space. Let m be
23 AP gefY Ik-Brand¥{kRvBm and t the mean val ues of
Eachefd8FVEAAG@nd ¢lad YLRaBeegibns Stepwa.id 3DBypatesbidoroR! slices, slice
bycoiepl €trewiraniyeniohited rinenistllifasn g sdvli, fpotrﬁ'@oda%l' the BPAC. When
thgrgromvingpis dignsleted S8tk BBARTLeBSASRIIY o B sBNehh&H: coronal slices.
Eveatudly, iefd esiltinub@bn@riby /186 aktkMBting to extract the posterior part of the

inferior homn.



factor between 0 and 1. Region growi ng can then be
ter_controll ed by usi ng the follow ng grow n
WO 2 "5‘6‘8@3? -s*( g -m, +s*(M )] with a vari aHESGHNH{R00043
of s. For s =0, only the nean value of CSF is used
for growing. For s =1, the full range of CSF is
utilized. For s = 0, the region grown may be
underestimated while for s=Lgt may be 20
overestimated. The value of s has to be sel ected based
on quantitative assessnent. To facilitate region
growi ng, the ventricular regions are further
subdi vided into sma|ler _subregions, as illustrated in
Z3-&Groydng phVhE-T anq broach has several advant ages,
Basheafythe Y4.L-Repd 8¢ YEBah Frgians lguaﬁw il 3§ sRACggHpF@Rnal slices,
shiheypyssligee Greyingciedinipted apteaerigngem themsesidepoisoriWhen this is
coepdeted, Emowging Wi cngtianet! pastaneclyi angsubsdgetntarordred kheps.
control, as it is easier to incorporate specific
mm@mmnggge in each subregion. Processing is
WIsedledea Qﬂtsrf&masﬁb&@{o\ﬁs% Shk’é)ﬁl%ﬂb sBiae dBroudh e A@gz{dél\”ﬁle PC,
athefP vf\c e hPeKAgE the Li%:cpb' M‘iﬁ!lﬁ 0D 9 dibfegion 1
c%ﬁfams YR Eic Sl Nerht p P oot 13, &ﬁﬁ% Fhrohtd he EQRAESAC and

S ISE‘OPm BP0 Hosh idkye Barf 5\{ arated
st b ng E Plages- %]1 sibregien 3 nso e most
R%@“VLENBOEP\@ Wérat&dRﬁrgnrt Yrhdy ithe ffolin and thpVdsaplanes. The
sshregimoh egntaips thegnoss |vienteal past af V%,esep@am fremithe rest by the AC-
R pnd thedtAGplases.orly from t he seed point |ocated on

the VAC. Wen this growing is conpleted, it is

¥Did igrovad irp 8Bt &9 fdlokg. Subekions2ihs gepvantdotaligrald subregion 4 is
@&bivfi8%ntrally 8 takiall lsheesi dtarkifig GRIM Ithe! 8€bdapdigy. 'S?ibh'é’m&f‘@% grown
:f'i‘ﬁérﬁﬂpjt bﬁ‘%o?&ua@%‘hf:%c&tahﬁ* B9s! @6 ﬁﬁ%&mﬁfmt b8 é‘LQ.»reqon 4.

dg%%b% z1 1 31\{% Srarne y Ipu‘.el govumon ‘with

Aach of the VLL-I and t he VLR-I regl ons i s grown
\S&L') space on coronal slices, slice by slice.

VIpg Vidni ti ated anteriorily fromthe seed point.
W‘léfh vaﬂlgldﬁé inte §p| wheglongronihiegasial Rlane pAssarg through the seed
ot @f isbey nF¥ubdequiatreeor dnaﬂ"slr:qe dles superrapart of V4 and
Bhrgiong? wElud3: N8 infsrioli pardsfd/4.nt o f our subregi ons by
t he pl anes passing through the AC and the PC, nanely
Vihes YAGm bher: dGlica) dotdaly A-dibrccith §h@dnvdntralt Gn Qabregion 2

sHlﬁn§ WRHEEE afialslice @Bh@inasy thb §eéﬂ}§cﬁntant ero-ventral part
V3, separ ated fromthe rest by the VAC and the

‘ﬁﬁitw'[,lg?o,s&%ilqgl,ﬁg o% Ggnt ai ns the m)st Pdco;sgl

fﬁgg Wf? i5Eh Iy ot §?n8ﬁ‘e§* bRaigy 1S Ca¥hricutar

%%{P‘Pg&f‘ 1.es 957 BPERFITIENR torfBe ¥ S%‘FCB W?éem’ form
gvadgegonpc pl anes. The subr egi on 4 contains
the nost ventral part of V3, separated fromthe rest
Hyst tthe leAageP@isatachet fageded Ipﬂakm% in v@idus geaonbeliavegin ddferent
Ways sovissingdel bigegjthomn d@esi ot Groglnforddirtha kdgyormsn Anatontieglyothert is no
dudden change in the size of the ventricular system except in specified places.
Therefore, when a region is grown on a given slice it is compared with the previous
slice and any increase in size more than, for example 50%, can be considered a
leakage. If the width of V3 is, for example, 4 mm in one slice and if it exceeds, for
example, 6 mm (50%) in the subsequent slice then leakage is considered to have
occurred. At other locations, a grown region can be considered leakage if it is grown
to an area that is not anatomically correct.



rown _ventrally on axial slices starting fromthe seed
'Wog{’)‘?*ﬁ‘ﬂf’”gubregi on 1is grown anteriorly on caamst2003/000043
slices starting fromany pixel comon w th subregion
4. Subregion 3 is grown dorsally on axial slices
starting fromany pixel comon wth subregion 2.
2.5.4 Gowng V4 V4 is subdi é’pded into two subregions
by the axial plane passing tfrough the seed point, as
shown in FIG 9b. Subregion 1 includes the superior
part of V4 and subregion 2 includes. the inferior
part of 14. 1%l is grown on axial slices, dorsally in
subregion 1 and ventrally in subregion 2 starting
EréehAntideakagsl copditimscont ai ni ng the seed point. 2.6
e eegiaye groomdintaly Ofieakl”dreyend: kher egritricular spuee Th® the extraventricular
Space gl wargtoups gif ebnditiofsoaredsimuyated to @daX Wit A! HBBIRY 1) Rakage
dbtectiont donditips M Ry le@ldég%rconﬁc‘{lsécﬁxmtioﬁg.el‘ﬁe%g@bﬂdiﬂgnsl are based on
Abx&inS knbwledge! MAREMP! alte! ARGLIAGY t Quiils) V?z{?i&c(l'o&igalar operties
&h&f) rah 8Ly Joﬁ‘f‘e&j?@aﬁ &Lsﬁgiﬂ afeddadd o Sg'réét o argde Sk ocation
XY %?xpr?r 6§cte . Leakage 7 n vari ous ar egs Bela
I'n 8| ere ‘'ways so a single algorithmdoes not work
r he .regj . Anatomically there is no sudden
E 7 if# “Pﬂe‘gg#g'g?@lkagﬁe ventricul ar system except in
H&gﬁ FiTedy Sraledl 2 pasterer geelralyparh of thediody % lajerelwwentricles.
IOVET- VB §OME cases; 2 large eystipelongated spact betwreatholateral ventricles
B2y e pieserdrppicatiagstbe icaviah zeprumt @ellicidumf 0id exafDh6rgae. A
ggeﬁgai dealdageggn tisik Spac@dha tonea&imaﬁed hé ﬁanfr THdEdh B chedked on
tadljolégicaldmapmy & thé cBVirh s RIRIvElY S@patouldr dnll FEGEEHR: and the
§ptal wPEH 19 ekl it! - i & SA1E
e _ Ril)BeteeRA0itifs Mﬁe{r; glﬁr @qg%ﬂ%{{? E% goerlgparecil to CSF

bEAHAGS ohiSd FARSIHHF R nd RaPAL N OFC ot
ol P L T R S

. 0 anh area SS§ gpmt of V4, can
ic":'go‘?‘lrng‘cdt%a%1 87077359 PCT/ SG2003/ 000043 20 2.6.1

Anti-1 eakage caonditions A region grown may "l eak"
fgg' Efa,lﬁ‘ré‘ﬂﬁgg%’rf!ﬁﬂ%gessp_ace into the extraventricul ar
Patellowipg, l%ﬁggﬁﬁsmey agedint theses regianst ) imfemmealidlly teaigh the
hipperanimius te thbintsmpediupcilenkisigen, 20 enatiallyothramhdivhitoRtitter (optic
aAwtioy) hehkete: hntaidd] fisome) td essubiheRroie apaid iISARshIe spatial
anelrates ompottdnidr ak BOVRUGRiohd TBRIONY d8RAbed in more detail in
Yampiakdlbdty studies), radiological properties '
(intensity ranges), geonetrical constraints, direction
D64 PP RFsesdNd size and | ocation of the grown

. ML-B and VLR: B\l eakages, Leakage may L
i aa%%asfé #*farogg}gnﬁb%ﬁgf?ewﬂyﬁh@usﬁaﬁe i terminalis
oz 31*‘5\?8% FIFUes) vaplelly fupush hepigenceahalic tsementya to the
‘8%%?‘18“ Ingsiee iﬁa%f@i%é}t Weght the ppsfederaonmmissute dbtelk of the
PSR! badpy tedBe eisteapn asligns. dyleakageciavansidepd tothave occurred when
.tpg pp@@pmfmxgﬁqe@ g in éhegaerentsliopas, dot exaimple 08§ moteothan that
mihsprepigueslices t o be checked as well. This can be
checked on radiological inmges as the cavumis
2.e5at4 eakyseger pendi cul ar and predictable, and the

’ﬂ_ﬁpfoﬂbmieaﬁﬁb KfayP 88dur ¥n 961 66! Joste superior
medl VBN Hsé f]&y;%gn}h%i&% b \g ﬂ%%?ﬁ%%&%&%&%e inli'erior

. h
thORIER) velhf)f tor {12 V&1§tell1(1% eag,lrng. % eaﬁag 1s considered to have occurred
W

I stern n ro . . ..
éh the numbe 09 extracted pixels in the current slice is, for example, 50% more

than that in the previous slice.

2.6.6 Tighten growing range
_ Wheg the leakage occurs, the region growing has to be repeated with tightened
growing ranges. The range can be narrowed from intensity and spatial points of view.



of a region below the PC, in the area behind the VPC
to the seed point of V4, can be considered as

WO 2P Katjé. 2.6.3 VLL-1 and VLR | |eaf ayes ThePG$Gm0a/enyo43

- | eakages may occur in these regions: 1) inferonedially
t hrough the hi ppocanpus to the interpeduncul ar
cistern, 2) nedially through white matter (optic
radi ati on) and cortex (chorojdal fissure) to the
‘'subar achnoi d space. Suitable spatial constraints are
i mposed for |eakage prevention. This is described in
nore detail in 2.6.6.2 below 2.6.4 V3 | eakages The
follow png | eakages may occur in V3: 1) anteriorly
Bm?%@%ﬁmﬂﬂhe Vali 94 theescatingiaptor sy e igraving)rangmef iatensity [ —s*
(ci stbr n;tsUM-ven isanarpweds Shetichtaringis donseitdratively (Step 3.4a) by
deexgasing tim value lod s (fort examenledyud%rstatisg drom s3¥% 0.9), followed by
pedSteingdhd segidw groging dzeinposichedling whethiestieeakage &l dvoided.
the pineal body) to the cisterna anbiens. A | eakage
Whert e Shéteisedn i Madber F eifriRel meﬁ frdmh@ s‘ﬁHE’J@%eeﬁé the number

ﬂiﬁﬁ&l@&b&%o@z%ﬁbéb Nidr & afiiple, $lre ShAL S0%S it E4Y n€ dted that
Ko dralas Ei%ﬁpr "’Vzheﬂ th% Er?s\}-lg ] g{ it g é ]8 é?t?% lvzly bi/

F& |

T bu o p{%ss%sl& g aemrs i gy

B-C |F§i{%1ﬁdgr§3g5 %‘é 352510 othss by, for
e?‘ﬂ%‘p Sn e GR ul afiygl M’rﬂo&’"@& énaéi t3 é Eﬁnﬁﬁ%ﬁéatlvﬁdy by
degrgrsin® theCRlyEY d]élieé}l&?l ¢ dhbcpigeessds repeaigditikthe increase in
nygrasee! etragted paceleid lgss ila;qns fariexamplec$%énthesiubseuest, slice.
Spetiallx afrishleage 308 contureed, oivanndihgboik s déeeged v dolsows to confine
th¢ gowing. 6. 6 Ti ghten growi ng range Wien the | eakage
occurs, the region growing has to be repeated wth

46, gljtx,qggq:; agd 9Wiag ranges. The range can be narrowed
LfP%Qc{Qe' 1"1]15 Rk i B ' Pr%a !%Jt At %V&d & tatera ven‘mcles

A 8p—tcP Fql/ RSie ac or & n.\g’%‘ rl‘f g%geﬁl&weﬁ below

ﬂ\{g gnsn?n -m, +s* (M )] S narrovved The
'o‘ightem ng |s done |terat|vely (Step 3.4a) by
re‘ﬁg‘ BLRA ue of s (for exanple by 5%starting
Tomayet EOT@n@?}l leakggesothedorpgroupd regienfEhen o processgil epronal slice is
(greoniirigloagaiin surdbaied Kialpwmbsyné RQltfer VéakboeVLB-L
avoi ded. Wen the increase in the nunber of extracted
16868 froma slice exceeds the nunber fromthe

Ay el hidfe BF ithe 16f, off VB i©XANRhE , theWiRarldRaEtwON thed siffRAor .and
1&@1’1619}51%&1@ oF fft bRdtounisakiss @e&@a%e?&l%ﬂg fnt R HideBich. In order
%@ﬁ‘ﬁhc 510 41 el 05 YEapeto Mﬁeqagﬁﬂe\églllé{a th tegmentum to the

t\@x{ﬂﬁctﬁl vﬂgth aF t11963 f?rﬁ%roH.B gion
3‘)13:? gf dqon 2
g SOOFPDQ GidenE nb 9l o iRrktns oo Tferrpqra 0% of
B {/ihe pggvious,shige plong ﬁ&ﬁa@tqquﬁlrsg%n Al ternatively,

gr ovm ng rray be tightened iteratively by decreasing

Tioh pre@SR- lenkager pestaicalyr Bmoregh. tHEhPE (stalic ed'sthe pinegpemidgy to the
cistérha amnbichs)twe apatial nonstrainiteare ihpesetlr act ed pi xels i s

| ess fThemaxiBimexAMbLthe 30 éptdunt HEgish RF 8EABRBIonSd bk &-currently
Spat i gldc¥ssed hixihPalcRIEoN AR IXTHHE tﬁéﬁ)C%rp:%‘ﬂfy iREreYod Between
- decr egregp@snd fle! c%‘éntt&lﬁ‘éﬁéé)”e € grow ng.

e The distance between the gravity centre of the foreground region of
subregion 3 and the MSP should be small, for instance less than 4 mm [see
Radiology of the skull and brain, ventricles and cisterns. Eds: Newton TH
and Potts DG. MediBooks, Great Neck, NY, pp. 3494 — 3537].



2.6.6.1 VLL-B and VLR-B Leakage may occur in the
uadrigem nal cistern of the body of latera
WO?@HWP&? es behind the VPC up to the seed poWﬁ?tWSﬂzoMmoou

The growing will not be allowed below the PCin
ventral direction. 2.6.6.2 VLL-1 and VLR-1 To prevent
potenti-al | eakages, the foreground region(s) on a
processed coronal slice is ?re) not allowed to grow
beyond t he boundary of RO f VLL-1 or VLR-I. As the
shape of the roof of V3 is oblique, the distance
between the superior and inferior pixels of the
f?{eground regi on decreases along the anterior

Ydon. Inorder to prevent the potential |eakage
Jernrewnt yleakage iighsapheteriene threpdta the stpegive nhedullagy vblam to the
mteena(ﬁenﬂunwit\m ccmﬁﬁaettmaremhposmdt h of the foreground
regi oThefnusiber edithe fdregfoudd pEAE TR cﬁHEﬁ’tnﬂlals llléée O%Id not

not  adcpssee bl Ofok BEARAE EmBik wgp
of t Hﬁer‘i‘br%ﬁcfgént heﬁpr eV othirpgcl)?%ce a }%BSFH’LS’ °e in the

g'cr (ecz'h€ ?1staL§Q, t%%%m eﬁgkég@ o%&&ﬁr#@:@ ou n an the MSP
anbi et ulc%gé ﬁsgq alforcegﬁglp Lgptre of the foreground
maxi nifiel9R YK OtHﬁéla?eof%gF@uhla Mot D Smmumaydfram that of the
on a BVIMs) 1?9 processed axial slice is on the PC

line (the PCline is the intersection between the VPC
dngrevient terleakage amitedpostetiody throdgtethdiinfeibe enddRNNGSRIum to the
tikermyrmugnay tieewidtk odfthd ftﬁegamgfsaimﬁatrtﬁeIlsteraqﬁrecesses should be
ReDHRY] 5t Xanipit tzﬂﬁmi\/ﬁ%e%aith@lo}bsf Bl LR bialS WMER s and
h@@ﬁlst Bag Ne\méﬁ Tao%d 1A Oswed@d% SoPdl NecRY pp. 3494 -

bephn, ventricles and ci st erns
Pot s DG Medi Books, Great Neck, NY, pp 3494 - 3537].
YO 29 _2/(&7735} CT/ SGZOOS 000043 22 2.6.6.4 V4 To

Qupcct the : e_superi or
B FTEP g;t STEIRS SOF R Ei A i VLR 3 and V4 may,
ey anoths Cﬁﬂgeqt?ﬁp@ébﬁ CSFregons hrsweendhemtase fvitegmmoumend the
Pl wlyne effectcneise rand dxw dinagd reselugihomay prohibiti growiastrough
tem. f or exanple, nore than 50% over that in the
previous slice in the inferior direction. The
thstanwhibetfiveeshidve ghauirt YhL @bt Rfinheheia0k ofé@,ijm\ are
te@tqal.and nbhemVSkra: rﬁﬂoulnﬁdllﬁewn{ egs thapa Los ngﬁ\ﬂp \oFeivi ing s
ieiipred Ree 4k a4 LHmBRNFIEs Ofoal Py LOK 8L OHRd. ££910 arf-  Jepeated to
&JEWLQ 08k ﬁviloﬂ}lgctquoff tﬁz?&i? Be arﬁgé etrgmgtp oqurPla.mmg

LO
ﬁfh o e &n drlé I(IJSs %?ﬁe ?fﬁ SicRle PIOREISS) (1ine) anatomical
N ?ﬁfﬁ‘% g?fgf rig tﬂem esf UgggHathe fegignsdshll ogannot be
fomE=qiest Qg st o IB?PSa(tbaatEH oncEiisraahlomietl dmew lesige) e applicd.
be |ess than, for exanpl e, 2 nm|[see Radi ol ogy of the
B R41Groaving wegipm undenrelaxddemnditibnsci st erns. Eds: Newt on
Tit¢ gragl 19t rangdoS.ardedaxBddisincidasing tieoklue NY s (@6r exddde by 5%
$&87§ froth §= 85k the inGasineahgd dersiéEHPARILARIATOWME*(  —m),
r eigF@d- )] . This concept is illustrated in FIGs. 10a, 10b and 10c. To deal with
the partial volume effect, the value of s can be greater than 1.

Region growing under relaxed conditions is applied to the following situations:
» Connect the extracted regions of the ventricular system,
* Segment regions with intensity inhomogeneity, i.e., subregion 2 of V4,
o Extract the narrow parts of the lateral ventricle, i.e., the posterior horn.



The ventri cul ar regions grown, VLL-B. VLR-B, VLL-I,

WO 2\{LR7I and V4 may, generally, not be connecte
P ES?: regl ons between them are quite narrdf é%ﬁjz“{’ﬂ‘é'"““
partial volunme effect, noise, and | ow i mage resol ution
may prohi bit grow ng through them The al gorithm
first checks whether the correspondi ng ventricul ar
regions are connected. If Bat, the grow ng condition
are relaxed and region growing is attenpted, see as
an ex anmple, FIGs. 10a, 10b and 10.c. These steps are
repeated to achieve the desired connection. If the

regions c te in t he

f%ﬁongevg%ﬁéf{ﬁ f@%?ﬂﬂ?andﬂgtgaﬁaﬁ*h $Rabocoa
:II%F @f £4 gggs t0(ep§1|q§ conpeetig Etéﬁeen E -I are set out below.

ihifcepnpentivnds p@réorgmf,iunéh@: eprapaltdirgption. fThq@nné@tmdsetween VLL-
Bsarid YLE-dnsathidyed in o simeidaredty. br ut e-f orce condi ti ons

(based on crude anatomnmi cal know edge) are applied.
Wheh groflrVinlge pexgirivn ditsetidn, el folewingarpstar@fisolMed: gr ay

| eyelrobaB deSleffi®st’ ﬁfeﬁé@ﬁlx@w | SheRIRg. t he val ue of s

(for C%ES@WLR Itaﬁ é%/ma{t %Ednagsﬁaeqmtﬁe poéicéar difeckiBf. The current

i nt e%@ﬁ' ! Ehce ein%{e%d:n g’?xec wfxe?ﬁ er tﬁr é%llélge; P]f tisglr%gomd’ regions

+s* ([ coree

10a, ia@mahiedriess thapol . deeot. g¢ toh3’ belewphiyesal vol une

ef f ect ,  t féend/ dheleninfmemcentabgulgr @atae contapmng .allRég dereground
grow ng umdkels sfehepstiouerdiohalylise irstheaptdriaa directidie

fol | ow §ig Gd b iRd Fefifizular £FRNREGE cﬁﬁ‘éht%éwrﬁ%ﬁ& regi ons

of the yemy ’sgea o?ﬁf%xeme %ﬂgﬁ? at 'ﬂ?chlee ea and extract
Extract. ty ée hohSin VOIS T B nt canmo e
i e.. the® ﬁrg?r AnaiigH1sy 1} ggéggtep lbelow for a brute-

- PCT/ SGZOOSE?‘TGBG@‘HPgtIOI?S 2.7.2 Connect VLL-B with VLL-I
and VLRe B Tuiasrihe/lsfmost bupedet kovndarysafdhe stey maitanr e
connect ¢ oA dithevwraced\pike]Bteathd ghivi: tegiore asd@ o daittep 64’ dwlow.

mg S (HRen %%theflgiesnmpfr QF ﬁgoﬂoﬁnd %&Rﬁpﬁ%m‘é'thﬁpl lnanc JIf
e caonnec S ac
e f 5 Y e G e Aeelohe g R By o

di r edPROHNEEEBS o] | owi ng steps are invol ved: 1.

Locat e thdacarthmEt apchPepige i theforpgrognd mpgions. Rigre B; is the
G ow VLR- llsfomost infemoe pizdd of shavpsin fesgraundespostapdifaris the
di r ect i on.leffihest cupemmt pizelosfothal logkt dercgmutdneted, € 'Shovn in
. Check wmrGher. the nunber of foreground regions is

equal tg qrraé&ﬁébbﬁﬁﬁqlof thE gRQtmatP bEQveed P,RBHPY. | f

yes, FLn ge Wa@é@i%]rsfoc{h%g%{m g%ea cont al ni ng aI I

the @eﬁ 314]]5 lﬁq . evcous ,%

i n“t é e ?‘8%?’1 St Fh@“PEE Pi‘g %lF %?‘8% region
t o_t K& IRy PIeEIus 8%5"8?115-1 icg 1) qieridridingation. Jpm

t hé drhegk whether Pats opythe plaranh pefanal sligs- é&nahcgomﬁeac% above. If
the gieeyemuinste the Gsabeennegiondregessi ng. | f the seed
pobntThedmitetfotse cofimastidn d enfércediwhgn eyhfmathc e¢ed pint is not found
abserndr thegggrey mastee s abGentbEorava fartype ayet érond By ard the last grown
conne}@glbm‘o corisiete thd)éonnettiondst superior boundary of

the grey matter. Add the traced pixels to the grown

729/ VUhned¥3 80d ¥ SEBPactfbn JTEA Wduct
In most cases, the aqueduct, that is, the connection structure between V3 and V4
cannot be extracted directly as its diameter is quite small (about 1.2 mm). After
finishing segmentation of V3 and subregion 1 of V4, the extraction of the aqueduct is
done in the superior direction as follows:
1. Locate the superior aqueduct starting pixel (Q;) at the most posteroinferior
part of V3. Locate the most superior pixel of subregion 1 of V4 (Q,), FIG 10b.



3. Check whet her the nunber of foreground regi onésl) 'S

f nlonCJerr]. If not, goto step 4 below
WOﬂ?ﬂjﬁ/-gtsS?ﬁconnect the foreground regi ons by thgéT/scz"“S/""”"“

follow ng steps: Locate the P2 and P3 pixels on the

foreground regions. where P2 is the |eftnost inferior

pi xel of the upper foreground region and P3 is the

| eft rost superior pi el of tyge | ower foreground

region, as shown in FIG 11. Trace the boundary of

the grey matter between P2 and P3. Add the traced

pi xel s to the grown region. 4. Check V\hethher t he

curr ro region i.s conn ed. wth the grown

r egi gﬁh g’ﬁa\t(m g‘“ﬁ?@@ﬁ?‘o@ &%P&ﬁ%‘{ refereage ficsnt e orhe f°11°W‘ng

di r eciSFBAPtigTs anpmade where bcatingtire sEperich equednbtettdrepixBIL(Q)):

i s on te ltulocatiun is iiferiad toPd.ce. | f not, go to step

2" abowe.Itd focatydSis at m&@ﬁdﬁﬁﬁ&térb&eﬁﬁ'ﬂrp%ﬂtofwneCt I on
process. 6[“3 @atPcIHé QRS connect| on is enforced

when @ %Ff afs s ecP? e RS9 es, V3 is
i e nbéct W%H*w cg%e 8% ffcéﬁ? P epiealigts

Eﬁta r\‘7§> aH an/grea apoynd 3 pixs %@FCIAWeB‘ﬂEW) R the axial
rmst 5@&%@%“ to e IR GuReHQE directioat i s, the connection

struct use TIef inesecion an theMithe coRREPing %Q?Qﬁﬁ%e axial plane
directly as thé @p@h@ﬂﬁ}&hoh% QUkd ﬁlesiﬁﬁ ;]ectg @2

1m1?) f C];Ler th'f &e ﬂnge{}%ﬁgégngézhe gntgnora%%gr}%ﬁl c?lpection
the superi g ig}: 1% ncg epyﬁeln Locate the
superi of dh gf thy eﬁﬁf" slein theysft-gehtidigecipr is equal to the

post er oi nfd#taRge behuean Qf angthe jgeermetaicicratrapEihe forserduad region
pi xel of suhthegiiehslicemkxivd 4@1) infaFloBdiredtion\O

2094/ @1%7315910D Q]H t%@%.o%glﬂf?&% to ,?44 Lyéﬁ Q‘}Hoﬁlreﬁ i S Jqlﬂr—duct

resurai e i ﬁ%‘g St B ke AHE seaipL aron T1-weighted
aque m%%ﬁ or fie 5(? Z-pietehtegcimpagsn- | ﬂﬁerﬁ@ﬂf% rof pixels
t 0 PEOWRISZre,t P §HtPi /s OafPfC?mf GPBBECtiPst er o- vent r al
part (geckyavhethart the erpwe aesian reanecthwithsmbregiorCheatk V4. If not,
whet monngt thengio®R regien sypthtthasibyegtanhefVdd or the sane.
| f Gye‘sdd M8 girsvn cxpneintechbvdgidn Méf vV andssidiethe tireittaxiol slice as
connept tFer=hés JIRE M, nqtjneﬂr- thd ]I'Q@tﬂ% vﬂl %ﬁl Jﬁﬁi aaguL@f 2,
ar ea el, r
o) 7o & A B-ReekCorb R P8 fieE of P idh e B,

nt ersection of l ine connecting and t

P3RS SPaest lo?sn(l% Ys@ip@pt 6¥1S ,lyaggqe,no € léte@%ﬂeﬁﬂ'lcﬂ%ewlth the

¢ senurets Ghrqyichdhe (dpramina pfMeripe) Faygrat kst negessary, as these
P@@tlafh gpen itempevariynueder dhe proseasinigopresiure of IGHF ambyeldss again.
Therafore, dis atgocighh edose et | Rovide a9 addiorahimicant db hergfire these
coheectiens autghnaticallyt Mae ldetisioni dhénsafin@ etes® Bomrfeciiadant e made
ihfefactitiél baneufe bMaRMIEHitRRdadd e PRRRBIEIE cERBptus1P Similar to
thdtGorf SoPRAIRURE cbi8RHAN between V3 and V4.

In summary, an embodiment of the present invention is directed to a method and
apparatus for extracting the human cerebral ventricular system using a combination of
neuroanatoniy, radiological properties, variability of the ventricular system taken
from literature, and image processing techniques used for extraction. The
embodiments of the invention enable any type of image data to be processed and
provide a rapid, robust, and accurate means for the extraction of the complete
ventricular system using a fully automatic method.



on the axial slice next to Al in inferior direction.
g ow region on the axial slice next to A in
““’%ﬁﬁ%ﬁ?ﬁ? direction. The aqueduct can be posltTGHEN34P0043

the lowest intensity in the search area on TIl-wei ghted

MR i mage (or the highest on T2-weighted inmages). If
the nunber of pixels grown is zero, go to step 7 to
force the connection. 5. Chegg whether the grown

regi on connects with subregion 1 of V4. If not,
connect the grown region with the subregion 1 of V4.
6. Add the grown region into subregion 1 of V4. Assign
the current axial slice as the reference slice
Alerr]. Locate the IP of gown region as 2. go to step

2. 7. For the. brute-force connection, take the IP in

ach axigl sl.ice as aqueduct. Ensuring connections
i’?’?mﬁh- Hisations bxiths yoothadsedsscrited shaver will benapparsnbdo those
Shitllad iprBe arthiorexemple Méilet the preserftinyénsiondaa bieem described above
sARRRSoREKithibe ciaciones dwrogrebaal viehealar kystanifoea pRim being,
it evif obeappiryciatedethat He meathodasould i esslitableofo SSMaRNds animal
hins ealagahave al hetmélhororphélegl Q1 i thBMyERRSuIAOtsystem is even

q@hipardli eBiradg el fowan ahintians to ensure these
connections automatically. The decision on ensuring

t hese connections can be made interactively by the
user of the algorithm and the procedure is
conceptually simlar to that for providing the
connecti on between V3 and V4. In summary, an
enbodi nent of the present invention is directed to a
nmet hod and apparatus for extracting the human
cerebral ventricular systemusing a conbination of
~neur oanatony, radiological properties, variability of
the ventricular systemtaken fromliterature, and
i mage processing techniques used for extraction. The
enbodi nents of the invention enable any type of inage
data to be processed and provide a rapid, robust, and
accurate neans for the extraction of the conplete
ventricular systemusing a fully automatic nethod. WO
2004/ 077359 PCT/ S&G2003/ 000043 25 Vari ous
nodi fications to the nethods descri bed above will be
apparent to those skilled in the art, for exanple,
whi |l st the present invention has been described above
in connection with the extraction of the cerebra
ventricular systemfor a human being, it will be
appreci ated that the nethods could be applicable to
animal s, as animal brains also have a simlar
nor phol ogy and the ventricular systemis even
conparatively larger in lower animals. LLOYD WSE WO
21104/ 077359 PCT/ SG2003/ 000043 26 Clainms 1.A nethod
for extracting cerebral ventricular systeminfornation
fromimges of one or nore cerebral ventricul ar
regions, the cerebral ventricular systemconprising a
third ventricle (V3), a fourth ventricle (V4), a left
| ateral ventricle (VLL) having a



body (VLL-B) and an inferior (tenporal) horn (VLL-1), LLOYD WISE
wo a0ougity | ateral ventricle (VLR) having a bo

and an inferior (tenmporal) horn (VLR-1), an g}été&g}%mm

comm ssure (AC), a posterior conm ssure (PC), and a

m dsagittal plane (MSP), the nethod conprising the

steps of: | )defining nultlple regi ons of interest

(RA) in 'the imges; 2)defdning seed points within

each RO ; 3)grow ng i mages of ventricular regions

whil e correcting for | eakages into extraventricul ar

space; and 4)connecting the ventricul ar regi ons grown.

Qainds net hod according to claim1, wherein the steps of

1d& etfodgfor ek tridding cBebfal verB&i1R HStesERfomtiHRh Sfro?ﬁ' ﬁnaoes of one
of "RV r&réwageém%ﬁmafb@tdn@ dthte' Je§ébr£1°vél{mmﬁ£r %%m a

tRikd %ﬂtﬁbl@ﬁ&n\)ﬁ ng rf'&trﬁjtlie\f na € aheralo ?118 Bving a
bBEly ViEL ! ra { cle (VLR)
nd r] gD f: r‘ﬁ) att‘?ﬁ“
13§ %ﬁ g@ % ef‘il{lfl offs . anterior
C) a ngsisrior ﬁomra@sw ﬁ’&a pad Bélal‘dé%g‘fﬁ%l ] plam(MﬁB) the
drﬁ?unél"ﬁéftﬁ%‘ﬁlmpﬁﬁﬁl ng nodalities. 4. A nethod
accor #efigingonuhtiplegreions of interest R@Diingheinages, wher ei n
t he g)dsfinufg sedédpoinisngitimuleadhR@LRO s, defini ng each RO
i n a3)growdet anages ed \dnﬂmlarﬁegﬁnm}ti&dcc&%‘cﬁhdlfag 1daRages into
cl ai extfavenhiibirgpidagaied ep of defining nul ti pfe RO s
conpajceafectitlbehd VéirisdntegbRAGHEHM ned pl ane to be on
a coronal orrentation to constitute a coronal slice.

26. A%E‘t‘ﬁb!’i‘%@c ﬁﬁfﬁ‘)' 8ich 9, C(J/h%l'éﬂl Eihe VsYtélpr e%: S St&yﬁ)tgﬂf RO,

se&e &ea% et er ni ne “Ph%neb?f or&flmaces

n | on E‘s
th°efe fvepie Zf-r ‘?‘3 v 8P’é°ra’r‘i187d‘mt§"‘ré Barbowgincie (V)
et them £ e E\Qeaﬁ'tirlil i enBivsei(YEd anb VIR) scor(ltquhno leakage
seflnéc,CPPﬂ‘@?“PH% coronal pl ane (VAC) passing through the
anterior conmmssure(AC); (2) selecting the initial
3r et mztipd 2ocoRBhg oroldite] WAL vhetein did iethet wessfaried §@m one or
ormomeatedicd] MsRginlyBiddalilied or t he body of the |eft
| ateral ventricle, and [MSP- nl, MSP] for the body of
4t h@ he@hd dcad@nml oV e bhele ’th@Bpecd@lrnSafllLﬁ‘n b‘%'tr &l the step of
mﬁf;*'rﬁgﬂng 1A/\1blﬂ[ ’glﬂrr?:g A Sach R @0 p?fﬁd mgrrlol:lan-p

aI teri ng th suBseque’nf pr OCGSSI ng o

des r ram dlstrlbu ion
‘A lgcq cc% Fnget B e FW‘%M& A eSa%‘Ega*Rq ’é%tm‘l‘l‘éf’foROIs
fCOFI'Pé‘S STUDEIHE PH te%@éd&%ﬂﬁo%b%@nmmnw gfentation to
P(?PP@@W%@‘@%& hce.27 8. A method according to claim
7, wherein the sizes of the ROs are reduced

61 24 arcihod/acentliug teselaing S, Sherdintbe st @ftsebectihg gaidopradegermined
onarsf to beainnscdiotab ofientatian foir Bssebsoheht dF anlitdagbdiMthe body of the
left lateral ventricle and/or the body of the right lateral ventricle comprises the

steps:

(1) selecting the coronal plane (VAC) passing through the anterior
commissure(AC); '

(2) selecting the initial rectangular ROI on the VAC laterally between the co-
ordinates [MSP, MSP+n1] for the body of the left lateral ventricle, and [MSP-
nl, MSP] for the body of the right lateral ventricle, and dorsally between
[AC, AC+n2], where nl and n2 are constants;

(3) altering the ROIs for subsequent processing based on desired histogram
distribution within the ROIs.

7. A method according to claim 6, wherein each aspect ratio of the ROIs is constant.



thod according to any one of claimé to 9, LLOYD WISE

wo\%ﬁ?w%snn?nZ is around 35nm 11. A net hod accorPéFTl‘ﬁ§2t’@/(m0043

claimb5, wherein the inmages of the one or nore

cerebral wventricular regions conprises one or nore

coronal slices conprised of pixels, and wherein the

step of selecting said predebgrm ned plane to be on a

coronal orientation for assessnment of an image of the

inferior horn of the left lateral ventricle (VLL-1)

and/or the inferior horn of the right latera

ri VLR J es, the steps sel ecting
%:/or?* 'ﬁﬁ%ﬂ (‘1 ét%@g{) W@Ha‘lhepql%ﬁﬁeo')p s RQYs are reduced
Mg %rﬁ? ior conmissure (VAC) and the coronal
gl ane &pssn ng through the posterior conm ssure (VPO ;
Ageeerdingite amyiord ofplaiis 6o & wherein wVilaredndtdsenm.
|nfer|or pi xel of the imge of the third

e it mithod @YRding Yo e 480l4i6 ¢ 1S, WERRD ab lsbaeﬁnéaﬂﬁﬂﬂ
in the horizontal profile as the lateral - nost hi gh

Hii. %ﬂﬂﬂeﬂ@ﬁ%c&&dﬁﬁﬂ% JRR 9Wvhdtin tfd nﬂF«%E Yy tgg oh0§ ore cerebral
di %Elﬁﬁ@lﬁalf <3k R6mb A q{n@lo Orllg ccgr%n I stices ¢ s (£ ixels
st e

I

P ?)?Ere dsteg iéa etarr{lwle R’]‘F%epé? ke 0gsa coronal

pm ft:n a‘%l Tfiasa? W‘ep 1@@(& R! vﬂﬁg‘n axtor hovg of the Jefi dateral
gatyigle r(é’ n@g" cripk pemnef thearighi daterpdtventrizle (VLR-T)

coB?IBPIﬁ%?F HERS ( a, n7 (a, a+n7) laterally and(a,

a+heyelestingeoranal 911cewbetwgeen éheagroomel pleme passisg drbsgh twdmterior

7) medmmugsnien VALY 8QA shd @orasiab peapde passeOCl@d8M Ghe posterior

unc hamgedssure(¥PC); met hod according to claim 11,

W @fawinga herizun@al pof2e aHih h}ggn@:h@ - X
cl ai ﬂnﬂgh@%@%vq%m ein 7 Fi&aef%{}ﬁg 10 %mfz\&r@?gﬁg&ﬁhc
acO{RhAiAOhE kéathPark BUAE RN 5 A?P 1S eral-mos
Vgﬁt fﬂgﬁlﬁg?n(a e tb ﬁ?ﬁgﬁ} {1%0« ﬁf Saglllw?l% On{a?ﬁrofgt L 18teral-most

ane
(r)g) k. A 9@7 iy ErPAi) bR it by SRt Slenr RUSP);
c ofl ing lfqﬁ‘fe 1B fé?]@efH’Sras‘g} 1%@?@\@@?\311%5-th\58111d1301nt
AC +3HRAMt Fere nS and n9 are constants; and 3)
al® eiiﬁamgn& A R kavigr thsdimengienst ngr OIﬁemsanﬁg'—ﬂIa:Sthhe Midpoint
desi r&dshitkat ole agnordinates ialeu (3, oW (Bhiafin Dh &186J1$ . anliS(2A a+n6)
et hoderaebo rdieron@ amdal7adrecddtanvhen€i n t he sizes of the

RO) smaineainiad tieeR Oy for BubseN@Ent o csdR@ninehaR@yndary of
the RO inferiorily. 16. A nethod according to claim

4 WSE WO
oS asoRte %G‘“‘%%aﬂs?lo%%h%%%ﬁ’%%%%ﬂfdk%%

6, 9
1358 LAY 8500, § B Wheh 19, Sund B 10,

id RO for . the fourth ventr| cle (V4) is set on
12}9{1{5{@9 aﬁ?‘ﬁﬂ’é‘bﬂ? claim 1 wherein said ROI(for 2he third ventricle (V3) is set

on a sagittal plane by:
1) selecting the midsagittal plane (MSP),
2) ,setting an initial rectangular ROI antero-posteriorly between the co-ordinates

[AC, PC] and dorsally between [AC — n8, AC + n9], where nS and n9 are
constants; and

3) altering the ROIs for subsequent processing based on desired histogram
distribution within the ROIs.

W

15.A method according to claim 14, wherein the sizes of the ROIs are reduced by
moving the superior boundary of the ROI inferiorily.

16. A method according to claim 14 or 15, wherein n8 is around 10mm.



(3]

1) selecting the nidsagittal plane (MSP); 2) setting a LLOYDWISE
wo ealudrgdd ar RO posteriorly between [PC, PC + and

dorsally between [PC, PC - nl11], where nl10 arfgilr%]qzoos/oooms

are constants; 3) limting the superoposterior part of

the RO by drawing a line starting at nl2 posterior

to PCto the posteroinferior corner of the RO to

bi sect the RO obliquely, whgge nl2 is a constant; 4)

limting the inferoposterior part of the RO by

drawing the line -fromthe inferoanterior corner of

the RO to the m dpoint of the posterior limt of the

RS A ﬂl@glog)ac riflith Qn% Bg. giq H‘I s t4 toqgs %%g{ 19 is oy 35mm.

- processi ng aseG on gue ot ogr

laiml
é R ﬂnetflpig;cg 1z 0 (flalln}] E‘\EV oegsagf é?),lg %tgp%rtcl:l v‘rjle:ntrlcle;S (V4) is set
pos Y:A method according to claimi18 or 19,

whe )elsﬁleﬁtiltg‘ih§nbl¢iﬁgﬁéﬁ BBARe(MBP); A nethod according to
any2)osgitipg acregtamgulps RQYJ poterignbr bétweerd [PCj BCataulofl and dorsally
45mm betreen fPGEPGothldd odrete nt) 4ral wityarooenstdnts! ai n5 1 S

t o 31 limiting diensuptdposteAsopeitoSthEROI 83 drﬁvii'i%tahﬂl‘ije starting at n12
accor gostgribiotaRY N eheOpostdrainterid® colfler ¥ %%o!t\hga‘?ée@t the ROI
t he desligadly, hﬂztﬁe&@ﬂ[”&maddoﬁ&.%tbu“ on within said

they p@iﬁi‘iﬁn@%é@&f@ 3L

nat t)e'inf@ t’eneln dr% 8 ?&I%EQP ‘?ft%ew Z?'%S twg&bég I¥le o e
hi st o Gt STl W HIF TP Pﬁé’oﬁt@’éﬁlr limit of the
det oh or, 24._ A net hod according to any

pr et 1t Iﬂg 6%1”@’ ybseqtient PEoresTing drased g élé%fﬁd histogram
poi nt lsf Wlt"ﬁ F\néh?k@is for VLL-B and VLR-B conpri ses

t he stegl npling the RO horizontally, starting

1% mes ﬂdacemdmg tol ¢ladth st nekeereinwtier szes13f aid RO R Qeduced
aeastiarlys to formanple |ine segnents; 2) caI cul ating

a profile along each sanple |ine segnent;

B8, Arrfthbd Gedobing @NESH 156F] S 8BSk 1 fmc?mda@a& (il
and 4) placing The seed point in the e

ﬁ’?%mﬁﬁétg‘ﬁ%ﬁ"n" B IR pd%ﬂgé‘sg%ié&?&heﬁaw\“‘iﬁeéﬁmd 45mm.

wherein nl4 is met hod

accor %ﬁad 5" ?e B 3 ”l\fhzfguﬂt'llhé” -8f 1*6@“&’&?—#%1%‘@511(1 5 mm.

sged p0| nt for di VLL-1 and VLR-1 conprises the
T—gt FoWRPd pegpsding teyanyvemseo! Waime 1/ 16 78518, wherein the desired
PCT g@ﬂ(ﬁ@Bﬂ(?G’@UWSHZ@thlll)Salddi@Ien@etﬂ&elxmr&oﬁmdmg]Eb white matter
VLLEW VAN greyl Rattero(Giniyl andpteclmosminall flpikd a(@:SF) HatseReRistogram are
VAGdamtii ARy ithiaay exigtiidipeapldene o bRofigingct ed and
processed starting from VAC 2) | ocat i ng the CSF

DO QLR iR 00 Shl e , VEC. _
eidlﬁ‘trzgﬁs&utﬁl: érl'&g]! ﬁ%yL g Eﬁmﬁ?n“l\{égpaﬁg Y‘g)g Pg ﬁrpgg seed

) %argﬁﬁﬁ?tﬂ{e' RATEY trlrz%nt ly, S l(imo Eorr?g%ginl 3 every n14 d1stance
where n13 and n14 are constants to form ample line segments; 4

2) calculating a profile along each sample line segment;

3) determining the longest CSF segment from said profile; and

4) placing the seed point in the middle of the segment.

25. A method according to claim 24, wherein n13 is around 10mm.
26. A method according to claims 24 or 25, wherein n14 is around 5 mm.

27. A method according to claim 11, wherein the step of defining seed points for
VLL-I and VLR-I comprises the followmg steps:



»

28. A method according to any preceding claim whereinLLOYD WISE

WO IREVEBED of defining the seed point for V3 EOWSGREB800043
the steps: 1) calculating a profile along the |ine
bet ween the anterior and posterior conm ssures
(AC-PC); and 2) determning a pixel on the AC-PC |ine,
whose gray |level is closest é) the CSF nean value to
constitute the seed point. 2 A net hod according to
claim 18, wherein the step of defining the seed point
for V4 conprises the steps 1) sanpling the RO
horizontally, startin om PC-n15 every nl6 di stance,
whd cseHi (ARGl Gorthe Vb end VR eloomemiolc sornsbaigics between
| i ne ¥a§nand VPL), whereinlthe plagesaarprsefected andoprgcesaedh starting from
sanpl ¥Ald;ne segnent; 3) calculating the Iength of the
CSB) i lncstaptherC8F kegicinon aenguasnal glied Bettae W ACEEd VPC having
| engtiheiQotHE IR OQU@done 4) when the cal cul at ed

| engt ﬂa&ﬁ% fRAReS ?ﬁhﬁ g@q?ﬂém@ Hnﬂ%ﬁ%‘iﬂi@@? I

sel éct em ddt3 ongest segnent as the

d t ni7z is cons ant '
S5 PR ect R 1 i e RS P ieg Shffine the sec
31P (tr%% C%B%?;%ﬂﬁegs S c] aims 29 or 30, wherein ni6
i s lar tngmt prefile leng KBy tHcc Brvesy ths ARtprign engs posterior
cl ai n%O@QJSFWeSQACVR@Fé‘FCh nl7 is around 2mm 33.A

me 2h odeteroyningi apjxelenahy ASi-BEditienyhosengray leveb iscilosestaiotthe CSF
| at ermkanyeslue focdomstitate the saad pomt3D space on coronal
slices, slice by slice. 34. A nethod according to any

. o efbiing &dcatding wWhelkin 18! WEersinGthe @fepWfWdfitthd the seed point for
Vmé&% ﬁesttH@stE}'SHI\\/réd k\l;;gt ricle V3 conpri szs tzhe‘sst asls

1) 1 ¥ind! 9 WO h&90 1Y ever distance,
by t h\%hél ?H ‘?’m&) %‘?é fal%%opst nts tc}/?eaefatg;@%p a;{lglegggrg th

| QI g
sefr e . *”'z:tt e et iy

dor saen tFPIYgosnNG ej ng separated from the

suldp etyh@hﬂlelcalcglaéﬁbleng@)demesq&@om leagt nlAsubsequentashiess, select
subr etheoniddle cbthedbngasty CSFesepmsnt groditceseed popdy tvhede NI is any
and beimgnseparated from subregions 1, 2 and 4 by the

AC- PC and the VPC pl anes, and subregion 4 containing

8. mImSd adRMihdto Aamt »@fwﬁé&lﬁlﬂ@a RedhEns eiamat ed from

:m

0@'

the subregions 1, 2, and 3 the AC-PC and t heVAC
2
2 %ﬁlﬁa‘“’@%‘g"m b %"ﬁyh%%@?ié PRIt s

terlor coro br eqi 2 an

Suth BsihoH aseard °§Pavm0gm€$tlatsh? TG e af s Zistng .

subregion 4 is grown inferiorly on axial slices from

3ha medgdpscarding® any rsedsdingaciein.dwigreim cagly lateral ventricle is

grosmen BRspetaomyormhdrséices, slive bytséipe.of growi ng t he

i mage of the fourth ventricle (V4) conprises the

34 apfiethbll £0¢bfliing @b gy \fedeling dlien, Swhéref eHesstép oNEoWing the

Piade v tiRxthal VBhERR VPREShPkes the steps

1) subdividing V3 into four subregions 1, 2, 3 and 4 by the planes passing VAC,
VPC, AC-PC, subregion 1 containing the most anterior part of V3 and being
separated from subregions 2, 3 and 4 by the VAC and the AC-PC planes,
subregion 2 containing the most dorsal part of V3 and being separated from
the subregions 1, 3 and 4 by the AC-PC and the VPC planes, subregion 3

* containing the most posterior part of V3 and being separated from subregions

1, 2 and 4 by the AC-PC and the VPC planes, and subregion 4 containing the
most ventral part of V3 and being separated from the subregions 1, 2, and 3 by
the AC-PC and theVAC planes; and



t hrough the seed point, subregion 1 including the part LLOYD WISE
\vogf y% superior to and subregion 2 including th@ﬁgart

iPHEY T to the axial plane; and 2) growi ng VAT4+2003/000043

axial slices, dorsally in subregion 1 and ventrally in

subregion 2 starting fromthe axial slice containing

the seed point. 36. A nmethod according to any

preceding claim wherein during the growth of the

VLL-B and VLR-B regions, the step of correcting for

| eakages in the extraventicular region conprising the

guadrigem nal cistern conprises inhibiting grow ng of

a»y{ egi . w the PC in.inferior direction, 37. A
e hod%&’é"éﬁé‘fe i°ng VHCHHICHTSR WsER SPbregigralyts grown anteriorly on
conpri S89°Yr SVE FURTERn gy substgionl 3t e MIP®IUpIReDotlieon axial
seed pdiib: regpg 4 18 gt sderit boerdixigl diceafrym the seed point.
preceding claim wherein during the growth of the
VE.-A method/iarcerdinggiooany, prehedisg ehaimf witdie ahé B@pf 6F growing the
I @aaga@éﬂlepfomh vertsicler(vi4) compgses hige stk er i or boundari es
ob) t hesubdividial 64 iin® two Gabragdhs Wi, tahdt DELPAUBIRLY Mline passing
t he RGhraigh thiklsedd péint, Yubrebion BheliBid 8L gf 4n§11ﬂ Sor to and
cl ai m Srbregtdie? Ricludibé tRG i egfngt‘@tt egiiaf h}g?ﬁf( 5e9! 8
Uhe  sirgRidf vaQHREITGLS QbcLiplcagss VONTEATIY Lhy augh,
the mesgnGaRNAl Ghd e\ﬁqesgt?um T X S8 ﬂ@@j rii subregion
ci stern, co%‘prl Se¥ THY Sdrepripmng fhageqd @pmig the width -

the foreground region of subregion 1 on a coronal
%1%;?’%‘%% GEOFHBg it gk Prepsdiagtaliim, Sdeereih durngwhdtdnowth of the
t heldt 8 X&g‘gl rﬁg@nS,gh@ﬁ@p shcemeatingdodr tazkages.in 46 eraventicular
rEEIRB gompEsngithyquasirigeniinal 8igtermbanpiises dnliibihgthewing of a region
chedant thediC trhisfeyRrdegetion. t he step of correcting for °
| eakages posteriorly through the PC (stalk of the
@7neéamesthoddi¢tordind Reclging BE! Wit LS St )in the
| Hefrinkithe VP ERIy RthesBdHosH B Ol ffgﬂggl?%ﬁn ey in he area
subregion 3 on an axial slice to be on PCline; and

25, PRhRHRANRG: ﬁl)etdj'aﬁ@ {;L%gdigetc en ‘thge .centre of

' “he. I areground - Tegi v é'IS‘FBE the gragvth of the
Zﬁ%\‘; Ed ﬁ%ﬁspf%a‘%n S ‘“g’(h" .r°8“?ﬁfélgi fgf EF?E%?“-’@ Gemprisesighibiting the
qp@ ant &s_gs AU 18t A9 £ & ReAnest withithe houndene oéitre ROI of
nt8 T s arotnd 4 nm LLOYD WSE 31 42. A nethod
according to claim35, wherein during the growh of
tHe\vasthed penprding to staap 3df wherimedinneotht Qo d @AKAEES3 recion the
dop b sogtainabl Jeat-hgaaughtrilhethsipartho A8t hAle %rﬂler%ﬂﬁl to the
tierptincalas tBrana irtRBSthe §RPPE ses: 1) hindering the
nunber of foreground pixels of the current axial slice
from) Ridddgheant Red opﬁlfofg%%?ou Raledate LB, thé?
pr evi ouges khGincfhak; € ty 1§1[‘el tgr bJer t:’;‘lo(#;ip@ th Onv?. coro;zal
mai nt alaranggmt e di stance bet WEER” 'Y CEAY h§r BiFviops slice
of the 10 egrod’ﬁ F%bqnon of V4 and the MSP | ess than

oundg 2 . .
3b. g metlgg]d a.ccordmg to claim 34, wherein during the growth of the V3 region
the step of correcting for leakages posteriorly through the PC (stalk of the pineal
body) to the cisterna ambiens, comprises:
1) limiting the maximum width of foreground region of subregion 3 on an axial
slice to be on PC line; and
2) maintaining the distance between the centre of gravity of the foreground

region of subregion 3 and the MSP less than nl8, where nl8 is a
predetermined constant.

41. A method according to claim 40, wherein n18 is around 4 mm.
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10 43. A nethod according to claim35, wherein during

the gromh of the V4 region the step of correcting LLO

for | eakages ventroposteriorly through the inferior YD WISE

medul l ary velumto the cisterna nagna, conprises

mai ntai ning the wi dth of the fjoreground region of V4

at the lateral recesses |less than around 2 nm 15 44,

A net hod according to any preceding claim further
4L onpAi ethgd reqreding ng claitd 35 agicrin GRS he b SBHE W fegion the
sty oficargeatiagdesleakiges doRbesdid it yOfhrd & 1‘tﬁQ?upefli%r né{iullary velum to
theeishata ambRheli dehpr@es! ai m 44, wherei'n the step o

r aperhiftnd Mg e r Oy 0 _w.th rQWer grown
p &Gnd Mge MBEHHEN oF %&g%u | RW@LSSPF%C g}gl&t%ntgﬁﬁg?hsgce from
46.

rang I . he T a . )
o El%re;ﬁiga Hyfgﬁ/g 2@)&9%&;9\61 in thnegprre\élal’l%%l_lce Ipteripp girection;

accordi ng 1o ¢l 1is€an 45 tv\,hergjlén the narrow n&leof the _
i e{}al ? lln%gé% B{ipq’q WESD e GeRUS Pherayiwe ol tie feregfoundgegion of
scal I'ig" the dessithan Haurdh Bimon defining the 25 :
growi ng range of intensity [ u-s*( u-m, +s*(M u
)1, wherein mis the mnimm Mthe maxi numand u the _
4rean/vagthed aafordihg tOSEim dhgeharih Surir Bie $SEAVthNT thaS4%sion the
sipeofnaarecOngiot lkakadds véntropbhietons aab@i e liffebbABARary velum to
theveesterh ntdzga, nevnigived ehadtftaihfiey BLGRE b¥mE 3008rduhd r&%ion of V4 at
the &itérar iweekskd REShhY 8lo¥indY HGCr easi ng the val te of 's?
fol l-omed by performng the region grow ng again and

aqchecki ngwhelher.4he | & i, 2yoi ded. . 48. A nethod :
T R Jghe Somnegigpesing o
the Ventricul MOV EFONLSISes alifidstgotion of isakegeses: 35
4_1)Mcatgg the | eftnost inferior pixel of [VLR-B, P,
_ RO T acCORdRE {ociaimniss twherein ¢hd siep f epdatiol thé RgBin growing
WIZ) DYF OWF TN O VIR 1anges eomysisenparrewingshé mtensivp sireei d/or the spatial

rapger &dh¢ srowiy reghercki ng whet her the nunber of
foreground region is equal to or less than 1; if not,

46go 14 mythod ficgreding46 cldiimndls,t WRerBinNhBURHORSH 2B Wheintensity range
coatpedes dB(fraasﬁlmg’lg}lxeak/lfl_uE 1: ﬁh@ré%?ﬁﬁ’gl Qﬁ’ctgﬂ §,elnts ey eqidi®n defining the
orON BN [QRSe §0F, Bl Ge i n_ r1Qr.di riection. as 7
= he “rectan SI%{? R ‘éaCSt 64 hlzllj]’c%rifsegﬁlI &?TOntFreéI? Pﬁ@ t%g@pmmum,
MBS g ipEnepty

: OSaEries\qh Peddsn7amsaand s is a scaling factor
bepyeend@08/ 000043 32  find a seed point for the grey
matter at the rectangul ar area, and extract the grey
47mat tAemathedaglording tonlagn @b wiereinf the herrsed@ d¥ahBtintensity rance js
pedfannat itbetivélgunddenedshe e exalwsbi & foliswad B9 NWer fd¥Rid L the reOOion
gr@yinbagalratehtisewaannest iRage fsa6Red he [ef t most ~ i
superi or boundary of the grey matter; add the traced
43Pi X : r.egi on, - 00 .to 5); 4 cheoc@in :
o a?%%‘%%(%%ﬁ%ﬁ%?@g;ﬁgg fe]’gxrg?glg ?’é gsEPe:c n%/f: Sso fc;trrllﬂr?é Cte Pentricular
e 3t B Gt e R Oh P R oy Kb P e 1ot mos
2) growing VLR-I on a coronal slice in a posterior direction;
3) checking whether the number of foreground region is equal to or less than 1; if
not, go to 4); if yes,
* find the minimum rectangular area containing all the foreground pixels of
the previous coronal slice in anterior direction;

* . pass the rectangular area to the current coronal slice C_

cur



o locate the P2 and P3 pixels on the foreground LLOYD WISE
WO 202407009, where P2 is the leftnost inferior gpiweG2008/000043

t he upper foreground region and P3 is the |eftnost

superior pixel of the |lower foreground region; o trace

the boundary of the grey matter between P2 and P3; o

add the traced pixels to the grown region; 5) checking

whet her the current grown réﬁ?on is connected with the

grown region on the previous coronal slice in

anterior direction; if not, connect them 6) checking

whether P1 is on the current coronal slice; if not, go

to 2); ef fieba seet@oiritifad e grey Matidr antheGoftARET A0 ea, and extract

process; ‘fhe @dyohiatteo tHrbgshbfegio- frowes:; qprmegééd%mb 8shnot be

ei ther thepsge melg% I8t A% a0s0MNEb B 7) foPBrfd. ﬁreéfp&hﬁetlon

i s absegt ;. ARd SLakt %r{?(@%ix vonh& ?fﬁeng]fe Nyt
rown regi o compr e cohnec YHE™8 A et hod
gCCOI‘dI ng a?ig tfi HAGH f“%@r f Foigega aI%S’f geBrmlect i ng

t hé) \Félﬁfhm& whgther thegiuaher vBfasegronar @gtcm(s)fls mioshithegp Ton C,, ;
segmERhed pO b 8§ ifes Adviintd ehesfoRipedlindtediond bﬁ/fhe following steps:
conpri sgs:lodate el P A& P3g 1‘\91@ 0RO &St EQlnd Petﬁ where P, is the
superi or q'eftﬁ%&t' ﬁﬁ?ermf § ?%)f@:g jr@%z.{x@%&l{?ﬁ and P; is the

connect i orle Bgt Pg?
inferi or
pi xel of é?ﬁ f\%fe }na 8%% ‘Fﬂ; 3ecatl on

i's |nfeP| B i‘fi?dli@e%’ Tg‘EOPi‘@rﬁﬁ’é‘P post erj or

i nPhrahgeki a&wbe@er 1hg CHFTANY O Bp2aan iscenBacéedvrith the grown region
chec kKinfhe previdvs comnabsiive @Rarienaer ditsetioniifndtoeenmieotthemnt

ye§) clsckisg cdwethec Peds omi thé citent anodortah slicayrif ant, go to 2); if yes,
conneemniioateitise dwerent o@iredtjon3ro¢dss;no, determ ning a

r eq) angottiag the BatAf@cnebrsRioehaprtithBethaxkal psihi €90t found or
next thegreyhgaticeieiBBReasd i ce AR in the superior

di gg %hﬁﬁio alddge ﬁ%ﬁﬁf' emnslalstcﬁoﬁﬁr@ﬁbﬁ‘gﬂ ¢ Ic@%hélzonnectlon

slice wth Q; 4) grovmngareglon on the axi al

&e Xt }x gne%d ;ﬂ:c rlﬂpertlgocrlgag{ \.‘r:h S i&b %? gaﬁggcqrﬂlgctmo the ventncular

58 SoVb V) ek RS SO 12 G Pegbeion 1 of V4

©CEHREEYTs with the subregion 1 of V4; if not, connect

t hé) grEwpinEeyr GAuactian iribs supsFieydiswtiondt: Va;  6) adding

t he gr own (rkicening Hiecsugetoreghnoretivn sfartit pasls((glmangaa hasterior
current axi ainfesdripeet &S73;he reference slice AR

| ocat e t heb) Meetiseahé ofofi ¥Pleribd Mixdf of hablestd 1 of V4 (Qy)
connect i ng (lssaffingFhevibédtioh heinderictito PhAPE, iqrhtttllibemost posterior
superior dirggthgh a?tfoft\hﬁandgﬁ ﬂmegt%&ﬂfempd make @2,

the) lcjﬁecklﬁ‘g thg&eI ( r?zn av@ﬁf? ﬁg@é}lo%am; tl? VEQ r\%alls connected

conn tnguff e 9\? % gac ax| al
h 15 te 4/ 07
) SEob A nEaHS Lo t;ar,cﬂ{eaa 2R OT TR St glce ment to

per f dherederarechdige de do tler swgeies degtion, thewelysereeadicad, being the
axial slice with Q»;

4) growing a region on the axial slice next to 4, in superior direction; if the
number of pixels grown is zero, go to (7) to force the connection;

5) checking whether the grown region connects with the subregion 1 of V4; if
not, connect the grown region with the subregion 1 of V4;

6) adding the grown region into subregion 1 of V4; assigning the current axial
slice as the reference slice 4,; locate the intersection pixel (IP) of the line
connecting Q; and Q. with the axial plane in the superior direction of the
grown region and make Q;, the IP, then go to (2);

7) applying a brute-force connection, by considering the IP in each axial slice as
the connection.



claims. 51. An apparatus according to claim50, LLOYD WISE
wherein the apparatus is a conputlng apparatus. 52. A
WO 200Ma3er program product conprising conput eFCHP@APPIHRF0043
i nstructions readable by a conputer apparatus to
cause the conputer apparatus to performa nethod
according to any of the preceding clains. 53. A nethod
of quantifying the ventri cul system by counting the
nunber of voxels of the ventticular system extracted
by a nethod as clained in any preceding clai mand
mul tiplying this count by voxel vol une.

.50. An apparatus arranged to perform a method according to any of the preceding
claims.

51. An apparatus according to claim 50, wherein the apparatus is a computing
apparatus.

52.A computer program.product comprising computer program instructions readable
by a computer apparatus to cause the computer apparatus io perform a method
according to any of the preceding claims.

53.A method of quantifying the ventricular system by counting the number of voxels
of the ventricular system extracted by a method as claimed in any preceding claim and
multiplying this count by voxel volume.



