WD 2004/ 077359 PCT/ S&003/000043 1 Method And

Apparatus For Extracting Cerebral Ventricular System
wo-e@aio713smges Field of invention The present PEWeGL608/M00043

relates to a nmethod and apparatus for extracting

cerebral ventricular systeminformation frominmages

of one or nore cerebral ventricular regions. In

particul ar, the present i nventi on relates to

extracting the human cerebral " ventricular systemfrom

radi ol ogi cal i mges. Background of the invention The

human cerebral ventricul ar system contains four

i nt ercommuni cati ng chanbers, the left |ateral

ventMethiod AndhAppaxstus Fort Extrpcting\€erebiral VenteicularSystem From

ventricle, and the fourth Jemgescle. The ventricles

contain cerebrospinal fluid (CSF) and changes in CSF
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f MarmeHy aU@:ﬁ e smiriclesqare Hgereonneelipd e prably arculptisn o cerrprospinal
i fhuad: diiencecin am ideati caset o ainghe regom gowpag hpéreggn should be able to
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andhkpPMeesas RAsRAnEbhfSventricular system, its extraction has been the
subject of extensive research work resulting in methods such as region-growing
assisted by morphological operations, thresholding, template matching, atlas warping,
level sets, active models, and knowledge based methods.
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Schnack HG Hul shoff PHE, Baare WFC, Vi ergever NA,
Kahn RS, "Automatic segnentation of the ventricular

wae ymenm3sty om VR i mages of the human brain,” WPCT/SG2003/000043
2004/ 077359 PCT/ SG2003/ 000043 2 Neurol nage 2001 vol.
14, pp. 95-104 describes an automatic algorithmto
extract the lateral and third ventricles from
T1l-wei ghted 3-D-FFE MR i mages of the human brain. The
al gorithmis based upon region=grow ng and
mat henati cal norphol ogy operators. One of the
l[imtations of this algorithmis its dependence on the
coarse binary brain segnmentation i mage and the coarse
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patient data. Statistical classification is used to

divide an image into different tissue classes on the
whamue7369 si gnal intensity values. |f differenPCT/86H08800043

have the sane or overl appi ng gray-val ue

di stributions, additional information about the

spatial location of anatom c structures is derived

froma registered anatomi c atlas. As such, the

algorithmis dependent on the digital atlas and is

time consuming to run (5-10 mnutes). WO 2004/ 077359
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nodel s represent objects by sets of |andmark points
that are placed in the sane way on an object boundary
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forma deformable contour. By exam ning the
statistics of training sets of manually-1abelled
medi cal images, and using principal conponent
anal ysis, a shape nodel is derived that describes the
average positions and the nmaj ¢t nodels of variation of
the object points. New shapes are generated using the
mean shape and a wei ghted sum of the major nodes of
variation. Cbject boundaries are then extracted using
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| arge set of images and there does not appear to be
any published information concerning its ability to
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nmethod to be assessed. Fromthe results presented,

the al gorithm does not appear to be able to extract
the ventricul ar systemaccurately, or to naintain the
connectivity automatically. Sonka M Tadi konda SK,
Collins SM "Know edge-based i%terpretation of MR

brain inmages," |EEE Transactions on Medical | maging
1996, vol. 15, no. 4, pp. 443-452 describes a fully
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cerebral ventricles fromMR image. A few marks were
manual |y defined as initial information for four

wa@erelbrabo ventricles and then the ventri cul ar POT/S62®3/000043

in 3D space were traced automatically by an al gorithm
that conbi ned sonme concepts of classica

transformation with a region fusion. The processing
time was less than 1 second fof a typical region of
interest and the conplete vol unetric procedure can be
performed in less than 5 mnutes. Due to the
conplexity of the ventricle systemand partial volune
effect of MR inmges, the algorithmrequired a fine
sﬁmwgam oThe bistegrahois mbdello asi arigessin all¢wimg the application of
i rsndadsstadisBealmomdnts tachixdl idostribubionhe human i nt eracti on
for initial information, the algorithmis not able to

MBAINpREIR oI TE2-GRIHNERI MR fiagad 416 ¥Bhdidered 86 b MO M¥R kI ifvensity of
Sttpé gixglscfs greﬁ%g @I?iﬁt (%éaﬁ Rafife PhakdMdRA RNEISAR (#Re 1 is a constant
Cqb BRaSAEBRht I 539 %ﬁ a8 ldlf@a' 51?1 structures). This is

r%ﬁ@ﬂ@(ﬂﬁg gee§n ea[' I_one t
i e Lk geming
r’@ﬁg’fl “g BeECHY E‘r et Ingif ﬁonloﬁﬁtpaﬁutomatlcally, the

|—d

& pixeh intqpsity the mﬁerﬁecfaqﬂgef‘r‘ Cewssianréyng suatee because the

| r’i‘lua}bﬁb?f Badalnef the hiskagsim ok R indidfcwtoalstermings ue
nat ure using prior knowl edge. One limtation of the

aIngher EhRuidicktRas “Methiod and ssystemt fod braim velunteanalpes’s USA. patent
WAESO686E79GBa) A0¢R desueibgsa metho@or Hpsia efoliu@E Mnalysis from MRI
c amagst Bitsthye dheoBiSin islRp@bietl ffom otHecbAneBied %Eﬁ?éi HRd the brain
0 \¢aFhdel domBiurPae QllerirRE R H0EY. 'TOEH 'RE AGhT Yolume within the brain
r %ﬁﬂW%téﬁfQQ@ Saloulded. PR ‘?(f‘tﬁll Q0 %@2%%5tﬁere% Ik cluded and this

dedé 1 eﬁ)r iﬂlalawh%{? i in VAl q ﬂE;gl normalized by the
f

lyt%lﬁ & iﬁ%'ﬁ,na Sl}malag g a8 g;ﬁerated The brain

gl%%ggcﬁ% &Ve aolff: ﬁ?esg@}relinﬁqté}f rgif) afipphy and assists in
P@% eprSTPEe M POStEHan o mylplsgrckeresis PReother conditions,
ﬁlﬂsog‘fl%ﬁic%tl%weﬂﬂ develepsa wligblsi mpthad [fonewigmatie generation of a
aﬁtamr@ml@mfoosegmnmﬁ@arod cetehtal striataes, socteat thetlatenl xedtricles, by
diusingiabiie mface dr deiforelablef model avdesghibetlil\Ruimdy ddeiar B, Fisher
c dhsiAdesmated appe:ihbtiohef lhtaal iveheRslat shade it hﬁag@bﬁ@'résonance
| SmggsadfomuliphnsdaBan pratde” MITCARIOE! ¢pdes3-adi OMHowever, this
( wheeh iBisl t5o Bruee Msitv@tricul R vORInRShafik! arent | y for
different images as well as different brai n

StB’rhiﬁitUM%S)“M&Hbé dna a a?a{t@sa%ﬂq gst ?g%zf ‘f Vélﬁﬁ‘legtﬁi magnetic

ORGsoH A g Q ”nU 77 0 0
S%?s%ﬁgﬁlﬁ#%s}gs ﬁt‘&eﬁg v%lg m%t er f‘l Xl.lng%aglrlafn
é@ 5

H

iyl P?? g ao‘iaﬂfiﬂ%Pf the fuzzy
t 8 rp@@éta orithp P@éla}l mafl Iy th P@@ﬁ@?&e picg Of each of these three
i SPWRFTMENt i}y ﬁﬁ@lhénﬁl&@t é\rlﬂ]@ézh &e amprashgivieamot assumegany a priori
c §tatigticab echawistie modehefithe datef theonkthed wiuirketheiispuigrfae number
ofof aliffdent sompdrtments tint the detagesviand.a paraheter Byhichddetétrmines the
Ramotviedhovbriap cbfsypaipanmient bburmlatiesy lddioralis) wed 6r mdeSMifferent
papevntal chiROR3EOHS HEime RIDZnERS Cire BR6dA §R0HAS dePimore accurate
b i Amitis AR f BB eVt§pss. fl“h@ Pfehch teBig&Sabolit fd Ifnutb ' analyse a
brsﬁﬂgﬂ: BrainMRIALEH bR £L ﬁfn dﬁ‘*ﬂ]@@&%ﬁ‘g ql\% weﬁld CSF.

dthe brain Surface contours ar

R KB MEtholNER PlAdwi 148 PEALDion and
e e dlggéa% i %W %ﬁﬁgﬁ% o ot
D d\ég% ZQE lgylﬁg\ﬁgmﬁq{gd ]gmpw.‘éhn a multi-spectral
g?‘ﬁﬁqt o elfe etSbS%tsnn i dr validitinggided rfduster@ngo pegmpentation

parenchymal fraction is generated. The brain
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parenchymal fraction serves as a reliable neasurenent
of brain atrophy and assists in determning the

W@ ewen713y9 and progression of nultiple sclerosi BCD8G2003/000043

ot her conditions. This quantification work devel ops a
reliable nethod for automati c generation of a

starting point for segnentation of cerebral

structures, such as the lateral ventricles, by using
active surfaces or deformabl e frodels, as described in

Sturm B, Meier D, Fisher E, "Automated approximation

of lateral ventricular shape in magnetic resonance

i mges of nmultiple sclerosis patients,” M CCAl 2002,
pechaBBe 4aitableidor ther distdviesy ofremhlbdlisters $o thassify tbevdrging pixel
v énienditdes! mto wqlatn® geoingsj shichr poelitialz, cotvbidnddtoadidiferent tissue

appRsaTuen,f ve @Sﬁehﬂ@éﬂﬂ%g thé SAiial ¥ ionNrodBEE @iith Cthe separate
dmgaﬁ%ﬁﬁ% m&gfﬁg}fi tgr risP gé’oﬁﬁ@iﬁé uée?%%ens{%gres with the
1 16hs 1 € 1
%% o usggo it q’aawiea R e
b nte t1 tslp rF lﬂ%S %QE atg gjj 8 tlo te one or
a'?PEI omigad irff‘tﬁ?‘?“é& bRE: ,slmysgn 1.5 SIS (G B ek esin b
t e et"ﬁ?‘é‘é‘la& pulti-spestia g@setAl t hough the

ap roach does not assume any a priori statistical or

pide ihe muderoup ppprbechss pagposerk tarselio dhe erpbilene oft dxdracting the
i rlmmanoterebml reembrenularofystinh.f dliee rebovedpseribed nimsthiods t swéfer from
| ntgdsantapds aandaaaatier arahiot suitetlerfor rRégichh@se. aMpiwnt dife to the
OvREdsaify Rl haMaP aitérvetion) Bz ki§ of A6 etidAa kd Nandld¥Pathological
OlandQbLoretal o848 Nind/ SR tlﬁﬁﬁht?hcéré&%h@t tAf cbﬂl let@WEnti{bular system.
| TRGRSvE icNS89RY H0mBds bR G5t S bRGLHE gﬁchmcaﬂy Due to the
d'aﬁ%hmarﬂ WRLAL df A2 eﬁoyae%nmm%r%g&gr HAEL GF fast and

%{n alflon pr%ce Hrets,h a{RMan hee! b @ethod is
%‘H’gjl%@lex‘@ﬂ/@ f‘\%%o .tegﬁgfiré W‘S %OV\A edge gui ded
erintensity detection and _volunetric nmeasurenent,

ép Acpaesspl iInysve4is olirgoed to puelioighng pT pesscemingsthe @haveenroblenls
mef peer athmethpds.em for i dentifying suspected | esions in
a multi-spectral dataset of the brain. The system
afimniesreofhk igidnyiogui ded cl ustering segnentati on WO
20046RT30% Rt b§a208Bh0 06RARon thekezRbANE] 8 WhdtBR Bor extracting
f Qerebi® %nﬁ‘f&ﬂ’ﬁr ¥ys8dm Slﬁ?drhlaﬁbﬁ‘sﬁ&ﬁsmﬁ 6! S 8hi Yor! Bfore cerebral
V%ﬂlh@ﬁla?% @tc@fé‘ﬁkél SRt ﬁ‘lﬁps Enﬁﬁf%mhﬁ]@ Sentricle (V3),

V“&, fotrh LRt yY, £ 1%1%9&1 {121 LLG}H B3P (VLL-B) and an
W%ﬁo (cf 1%dra6t2\ ?tr 1f1 ;?gpgwg%%édﬁ aP{ g a body ?gLR_

g er}%' gn, pnteion cppngsspzg (VAC), a
; ét%"%?ft SQamigYE @rﬁggm@p%ﬂmgwgﬁ ansr{MﬁPp) e methiod comprising

aﬁ]éﬁ%?ﬁscoil structur es to | ocate one or nore anatom cal

regi dns  @rfining npHipla regipnsinsimhrestH® Qly i thenimagss; one or

mor e 2knowldefigieg seddgwinth stithoosdoh RO pi xel intensities

W t h 33 pat igedwing liabgesd lregirioflaniegionswbilk cofreditigfoekakages into
| ocat e onex@avenffmuﬁrapafepmdcal regi ons of the brain,

the gyst eRbhnfechibid RBleRtricAlad RiofSils ghévah.n | esion but  not
the ventricular systemusing nmulti-spectral M

d?%c%&%r t@ef‘é% i 4 ct%lf% ﬁVéntﬁ)BQ]ﬁ&g‘f vited R rafds arranged
R PR hE 83 Parh g
T R S gl el U i

f 8P Sages and, as such are not suitable for
cllnlcal use. This is due to the necessity for human
i Hicepiding foom thirdhaspeatpf thetipventionHbere ipproaded & somprir @rogram
pa)[rmcbgqmmmmg computer program instructions readable by a computer apparatus
to cause the computer apparatus to perform the above-defined method.
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and abnormal cases, and/or the inability to extract

the conplete ventricular system Moreover, the

we@x00307713§9 met hods are too slow to be accepted PCT/SG2003/000043

clinically. Due to the anatom cal conplexity of the

cerebral ventricular systemand the | ack of fast and

reliable segnentation procedures, a fast, automatic,

accurate, and robust nethod i desirable to extract

the conplete ventricul ar systém The present invention

is directed to aneliorating or overcom ng the above

problens of prior art nmethods. Summary of the

i nvention According to a first aspect of the invention

there is provided a nmethod for extracting cerebral

VESotdifigl | tar a Sfeatthmspadtoofrahd dnveitiom themeges pofvidade aomethod of
aﬁuﬁyﬁ{ & @bntrivelat §yst By coeging fiss mintiteer of vexelnof the ventricular

H 2Rfed 454 GIBIEIANR deFinBd abovieanddmuRiplying kids cMdjt,by voxel
Lth ventr| cle (V4), a left lateral ventricle

haV| ng a body (VLL-B) and an |nfer| or

{;?) hor eai‘ %n%g tﬂ@ ehchilad! ¥t@ﬁ’1t [s' §vRied into six,

510 1e%”1a{e? 1 a‘n&ﬁcle b %é)the right
alat S\tegpr}cée( 18 ﬁlal g Em@ 1oy &} the right
(e 1vemﬁ1§1q;rgp Yp rap if h yepiricle. o yenttioular region, a
deftablergjamis $qa>¢céedr ariscion qf rpigrest I:lds dg eil [pg it based on
i sresy and Jitedafierstadjes eptiring) varigbiity pf eé@eﬁm@r sysgm. Within
gty R O ifsrsegisticsodre valntlnied sihich eherpictemige wie dletnbg‘qupre@ﬁrad@loglcal
f Plopbrtiek daRasitisd) @f tiexiitage dntar incthisanvenpianenumaerdustROIs are placed

CONRBES BT dbRfedVRBtidnS W audy G@aliy sheagdiswibutide oD cetbhrgspinal fluid

aﬁ@ga{ﬁ%‘é}t (G, t4R8 Wlﬁtéelﬁhﬂt&"(lqwmr This Sn#lfed thél alfofithm more
E’éﬁ? n%énﬂecﬂe réq?ur@& Eﬁsﬁ‘iﬁﬁtﬁo &n 2DRYEIdBRE RO isl Abt &chieved,

g‘[d% a we e Ce t %Hﬁﬁ ﬁﬁn i$ 1 Fﬂcﬁ U sNEe algorithm

sI egﬁhiz lée gt age %t 15 -t 1 hcable to extract the
DV@E‘E}% £5 PP%u %ﬁee‘? %t‘l%ﬁ'g T‘é&:ubsequenﬂy for
a

r SEYERE @a@y vgn’@@ tr@glog gt g de g&° i ventricular space
cooqot dnring pagian uErowing)he EFON g ecoRgHipgs ¢ tpabgened in terms of
metshititionyIRE0Hh 0¥ 786 IRC NS CREB3 200 EABIngsis Aspesied fhnally the
t Qertribulbnr trépiosp godwfard lvennastednby owlagings of inscesavi dlegd growing
acomiiiad @fl apgyaiy dibyonrigal ikhewlsdpe.r i cul ar system by

counting the nunmber of voxels of the ventricul ar

S YSHAI Rt 8 Faflby @ deRidaad tRsdpehdenedlapigve and

mul t1 pl'ying this count by voxel “volune. According to
red.em e ventricular systemis
.éi'?egé%s A g—%fwrwel%ﬁgl mensi onal (3D) regions:

body of the left |a ventrlc e

et saborieane S Beopri g Wi Eee JSpdld by wey of

veremplelaad witrisfarenceie e ageomprayinggiiaWings iy e

ventricle, third ventricle, and fourth ventricle.

WHIGH h iadlowebatt showingrthe etgpvom argembedimgpt ef @)mﬂm ageording to

seherivedioad a region of interest (RO) is defined on

it based on anatony and literature studies capturing

varigabiid ht¥digloglcAPinypRishowitgal regiont cfiinteldist i mcerebral ventricle for
calculating the radiological property distribution and seed point determination for the

left lateral ventricle;

FIG. 3 is a radiological image showing a region of interest in a cerebral ventricle for
seed point determination for the inferior (temporal) horn of the right lateral ventricle;



this ROI, its statistics are cal cul ated which
characterize the distribution of radiological

w@e@perisses (intensities) of the i mage data. |PCT/RGH003/000043

i nvention, nunerous ROs are placed in sone

wel | -defined locations to study locally the

di stribution of cerebrospinal fluid (CSF), grey

matter (G, and white matter (WM. This makes the
algorithmnore robust and fleXible. If the required
distribution in a considered RO is not achieved,

this RO is adaptively reduced and the distribution is

recal cul ated. As the algorithm handles explicitly the
diFHGr # but rghologicalniatpee dhowingtahiegionsif disterest mpptéreladl eentricle for
t wakylatiag the fadiolopicul pragetts distibntdaynt ypal pdint dEg@nination for the
dahiad vdttisledi stribution is used subsequently for

growi ng each ventricul ar regi on. Wen a | eakage into

t h?qu lig QY&H&IB foHl ﬁﬁag% @ﬁ&\‘ﬁl QCCHoR FHiteREt #E9EGBbral ventricle for
gﬁfﬁgn erag o‘i’d@lcghg P (gﬂﬂg s‘?ﬁﬁuﬁ%ﬁeanh'sg ﬁ(ﬁﬁgdétgrrﬁlﬁ{tt for the
gr OW n epeat ed. Finally the ventricul ar regl ons

are connect d by. rel axing, if necessary, ) .

rFﬁtﬂé? Byt ey steipe Apidgal i te%%(tdéwgatomm%@@mal fluid
Fdﬂﬁﬁb Erpreptiar(GD; and wh%%ma Walin mregien of interest;
dependent clains. Brief Description of the Draw ngs
PridGebbad aepdnd aif rthe thsstodramhef’ PiCe senshawiugrthé aminixibrh, mean, and
nanaximunhembires o€ thténsitywdyr odonsidedebmpaishti t h ref erence
to the acconpanying drawings in which: FIG 1 is a
f Ipechanéws Bﬁg’ﬂnﬂlgaﬂd%&ﬁlﬁasmétﬂ%ﬁgls %‘i‘ﬁ@in%@fty 8F nfitter in a region

[

nqtflﬁggregccor ding to the inven FI G iIs a
radi ol ogi cal imge show ng a reg| on of i nter est in a

c b i C caI e.r cal
pf%%e@ HFRHAEFe ol F}@F B Rt BB b ReRRbl i prvic. 7
é‘h Iaﬁ’P’é’tXéﬂ %}ﬂ’ $1G 3 is a radiol ogi cal

|maeshovv| a region of |nterest in a cerebral

vty Palie afreq%-ologz@@ igagehehayang the dizisioonof athipdentricle (V3) into
[ Wﬂbﬁegt@m,(t enporal) horn of the right |ateral

ventricle; WD 2004/077359 PCT/ SG003/000043 9 FIG 4

| FIG il otxaigilogikali inmge shiwingnfe dividgh ofl adbutthtveneiele (V4) into
| nuBreg®hgbral ventricle for calculating the

radi ol ogical property distribution and seed point

deirer rﬂOQ ak 'aoﬁb}feﬁfatlE ustfdthf de¥iBRt dohfibdgioninGwhRhl firs® and second
304 %gr 'a.‘?lfll Qé%(ggzlr& Zatgthﬂ@r of L €rest in a

cer vent r| c e radi ol ogi caI

r disiri but on _and seed point de nation
p ; Jrstahsc gml i 11]:]1 éeglgléc&glegthﬂ g{tﬁa r?gﬁ? regions o IE[‘IG. 10a
| | awgafﬁglﬁagt%ng% alie eLEA"E% distribution of
cerebrospinal fluid (CSF), grey matter (GY), and
wHilGe 1 9ristacschqrywic ilustritingaegion pormeotion brtweesthe regicns Atand B of
i ¥l dabtafer théwe atd gtaygr dowayfls Badh other fbldwiing pdrformance of the
M operations ofEG,. 16cindmaxi mum val ues of intensity for a
consi dered conponent; FIG 7 shows original and

S gt |M?(is RirgdioBERAB i get s]h@wirfgtl?dtﬁ'tﬁeyccﬁﬁle&ﬁ;ﬂ Sétwbéh the body of a
r Gl?l‘e éﬁ’g ﬂ'fc% St infdrtoPhof dﬁ é:ltxl%ﬂf MNtQE1e%s achieved.
mul ti P po e

ine fitting of t e|nt sity histogram
of El Iii ];
Detailed Description Of Preferred Embodiments

(I(')

1. Abbreviations used in the disclosure

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

- PC —posterior commissure



and an initial approximtion of thresholds; FIG 9a is

a radiol ogi cal inage show ng the division of a third
woeowniske (V3) into subregions; FIG 9b is a PCT/SG2003/000043

radi ol ogi cal inmage show ng the division of a fourth

ventricle (V4) into subregions; FIG 10a is a

schematic illustrating region connection in which

first and second regions A B are not connected

through a third region C, FlI 10b is a schematic

illustrating region connection of the three regions of

FIG 10a showing region growing with a rel axed range;

FIG 10c is a schematic illustrating region connection
et MBh-0Hdsaglts ls8e A and B of FIG 10b after they
ar e Vdrolaterelo €each other follow ng performance of

t-he Vopthirdtveotrigloof FIG | Ob; and FIG 11 is a

r-adiVel -efpivethlvenimetee showi ng how t he connecti on bet ween

t he ViIddy 1eff laerallvehichd right ventricle and inferior

hor W 1g{ — i@t latdrgvahtricleght ventricle is achi eved.

Det giflies Desay idptihe ferOlatdphieiiiad (RoRafigMBRtftekior and posterior
Abb Iilg}ﬂ%tl ons used | n the disclosure The foll ow ng

bb R %Bﬁ %rf llaﬂgratl Qf@ ﬂﬁ%fés udiRE e 4t @idrOhd posterior
IS 2 ¥

oster conmm ssure

077 CT/ S 03/ O P -

oS D anen gﬂ@” E‘W E mx%ﬁlmt‘l’??tm@ - V3 -
thi ¥ émlFfeElP% temporal e {igh lpiera é(enm%]l? | el

| at ¥GiPCremterremprissusg] @xialyplap pasging fapugheiie hf‘c ped vl
A LVBAC —odgnabplang passimithioggle gl AGent ricl e (i ncl udi ng
t he \&@ (@ ercommabpldngpessieg tlooughtbe RE) - VLR-B - body of
t he gSRyhterbiospiahl fitgdt ri cl e (including the anterior
and (Hqsigf@y@[attehor ns) - VLL-1 - inferior (tenporal)
hor RyRf —tgtel®fifer | ateral ventricle - VLRI - inferior

(tel’ﬁ@f alWo- Bﬁﬁ&sﬁ&}maﬁ@ Ofllogmtergﬁteral ventricle - ACPC
- | S al a g LRng passing through the

) %% a0 aSSI ng through the
%TI% e %8’?8%3?31 ?ré[ﬁrreé%ggg& hog hrough the PC - CSF

-cerebrsma fluid - r
@pbodci)mgnt of the present mv&:ntlor(lJ prg/vu'in% a ?’ast a&@g/lmatlc\:m actcurate and

robust method to extract the complete cerebral ventricular system of, for example, a
human being, from radiological images. The steps constituting the method are shown
in the flow diagram of FIG. 1. The processing of the method includes at least four
steps. The method of the present invention will be discussed in more detail after a
brief discussion of these steps.

1;3

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-], V3, and V4.
3. The third step is, for each RO], 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 growing range in
terms of spatial and radiological characteristics (Step 3.4a) and repeat
growing this ventricular region.
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WO tdwmeersd mensi onal (or three di mensions).
enbodi ment of the present invention provides a fast,
automatic, accurate, and robust nethod to extract the
conpl ete cerebral ventricular systemof, for exanple,
a human bei ng, fromradiol ogi,¢cal images. The steps
constituting the nmethod are stdwn in the flow di agram
of FIG 1. The processing of the nmethod includes at
| east four steps. The nethod of the present invention
will be discussed in nore detail after a brief
dids cThssfourth gteptis toseonueed fbe regivms gravw S lad withps,L-I, VLR-B with
i | | uSTRel eddi Vi3 t With fV4W(Sthpad)x. Shoofd BieGeorigspandingsregions not be
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t he jaddsyichh characterisiite ane geuving lcoftiriued tdtitl edrinetiGiis are Rehieved
regi 4. interest (ROs), each corresponding to one
of the ventricular regions, VLL-B, VLR-B, VLL-I
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3.sBoviein the ralislegidalpiaiage ofFIGhiSn the RO (Step 3.2). 3.3
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( StqfreAaistribltienh (t%oldP thres M@tifiasle YePel Wothe iNBERS Mhtogram) in a
h %Bﬁﬁdéi@d RO né‘tei?:hfe'v@d‘ |/ RISk %@é /86 reé!&%ﬁrahﬁ hAdistribution is
SXréc! dmj}ﬁ {1‘66}1 3 Xsd E@o%e ¢ w[n%g é?:ﬂsventncular
2 e n 0 the%g% n‘tﬁ’ é@at ié €0 on growmg,
of i g’f?é”% % fﬁ Gl el d&%ﬂg A 1¥?° fROf growing,
r 8 ofh3 iSHAYE88 ot ﬁlp@ted 2Finally dhe ( yeatriqulprepsgigns grown are
hserngste hyerellaécm& pbneoesgaryy dxg grpzﬂnw %mﬂ@ﬁmﬁ)appbmg anatomical
i kewledge.-norn of the right lateral ventricle 14, as
shown in the radiological imge of FIG 3, the third
v el faciitde rdgion geovahgwiheiventricelar achiadsoghy de furtheresubflivided into
Flstaallds subegisisgad showirhinEIGs! O£ hed 98 anddenoted by reference numerals
1,2, 3 and 4. FIG. 9a shows the division of a third ventricle (V3) into subregions. V3
is divided into four subregions by the planes passing through AC and PC, namely
VAC, VPC, AC-PC. The subregion 1 contains the most antero-ventral part of V3,
separated from the rest by VAC and AC-PC planes. The subregion 2 contains the
most 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.



shown in the radiological image of FIG 5. Wthin each
ventricular region, a plane (either axial, sagittal,
worogorsaal ) is selected and a region of i nteP€EB8G2003/000043
(RA) is defined on the plane based on anatony and
literature studies regarding variability of the
ventricular system FIGs. 2 to 5 show ROs for the
different ventricles ill ustraglg as denoted by the
reference nunerals 20, 22, 24'and 26 respectively.
Nunerous RO's are placed in well-defined | ocations to
study locally the distribution of cerebrospinal fluid
(CSF), grey matter (GV), and white natter (WV).
According to a preferred enbodi nent of the invention,
WEFIGi9% showR@ie divistonsefad fatthoentioke () intol subesiontsi V¢ is divided
C o awb subRgionk ®ydinsixialilineo30 phssingcthaduglith@lpoint from which the
hi it8l&es (plzﬂfeeﬁﬁhélbﬁﬁé sédd péiie TheBBregainal ifdii@es tha superior
E Wdalfdﬂlbk 16ﬁ§1ﬂéﬁde@@l§e1hférﬁ>?§hﬂt)z§fw$t ributions

and wthin an RO. These are discussed
I@Df(ﬁl 1‘!3%1 1!1{)11[ fn%hlc ?%f'aﬁ? %é%hﬁ%%&ﬂ% A%d B are not
WO o{e % H ag' nregly dc ﬁctlon of the
R&rec? e H%} %tr,ﬁ&l()f ﬁ@ Qﬁl E?,tF(f gular areas 32 at
r Sty ds af ée@onv §n4eﬂ35?~1? SgangHOVing ity 1S>Perf°rmed

f BEG gl Qaniliugtrates Hogienconeestign in rvelgrl rboth/mgﬂp Aezmdaéeare grown
i mveardm eaoéx@thavdtﬂr pietfatnaing syparssiont speciieduniHE #@yibyhregions A
gendviBngre stiflhet goomdcisg. Nemdicttapgslanareas B4 lateesebdstatstics calculated
t evithin thiemg asd thelreion Browdng Baietformaf aggirowi ng,  and
space, and growing is repeated. Finally the
VERE! i € yindrates gh@ BSrIEEI baiRen GRTHEHEL 6la itera kidki Béhtricle and
: fmf@ﬁ&qftﬁ? BY&hetl cragflgl‘ﬂ' \%ﬂ‘mc {ntch NG AREBRRAEXI M ow.

mca facl

anat o Itate region grow ng,

t e &ﬂt j cular regions may be further subdivided into
I , shown in f Gs%a and 9b and
sﬁé‘ﬁém@% daﬁa\ﬂfsth% hraé? aléf«“ lonfecdifigbndt jscavs %élaf‘— metﬁocauon of the
s PR andbihe powigions ef the KiCoad Brans kmawp. Jhiplesglionef thy MR may be
plcaleelstedas®di neganple ughingCthen dngmd ndasetifed WaCIntsrpational Patent
AGpplicatidne Nou REYSGO2/0000M tfdech Jan.h20020 s the names of Hu Q, and
aMNcevin:li 6FLS ald paitled (liddid amlegaoahedof dewrhineng esimelyy in 2D
VARd andi PC phepssitiodhsf HigIE ahe® P29 Headal®ldtde for example,
ma&ﬁ QRé hoBQfeEcrﬂfed\i@IntéxﬁQL%rﬁl P&eﬁﬂ&?ﬁc‘éﬁoﬁ 8ot POY/SG00/00185

wimbd i fdaRRuh A and entitled

Acﬁ%é?%%taﬁﬁe%% ﬁ‘ﬁé forif Qgﬂnéﬁ%@rgé‘.‘;%n e the

nost ve a 3 arate t he, rest

é\sPéw %Bgﬁg i irpEo mﬁ‘ﬁdﬂ% A5 ppain are
1 elprrositss s Binians,; O ity bapn

(Vﬂglttﬂln@l‘éﬁﬂéaé’@ﬁé groomeilable (Stepdh shayayin FiG-d)¢ flis permits the use of
s aby etjeungorbior aefting smRQland perdornyng stienjed ragisuggiowins.

poi nt fromwhich the grow ng takes place, nanely the

S 4 thepigiagt dafbhee atduiediwith low itérkties rédotutipupforiextimple, 5 mm or
Pahdre OfefotthattRiztidel Gt or845taA adhietigk WdRSet Autal fF ls%nentation
p%& cfﬁfa.nt\iﬁcatlgh% dRa aﬁf'ﬁ:‘.éﬁméee%ﬂﬁmﬁt@iﬁg aBbiabed Bar¥iBd @t only to

b ‘% PR R i ol e

Gi ons™ o
staﬁ‘ﬂ‘l‘l |E§n51i‘t8tl%nal cul at ed |n rectangul ar areas 32 at

bot h ends of regions, A and B, _and regi on growi ng w th
a The| love dgesolyit p@seplér a1 Unpepal 51tuat10n and the accuracy of obtaining

quantification of the ventricular system from low resolution data may be unreliable.



FIG 10c illustrates region connection in which both
regions A and B are grown towards each other after

wW@eookortssmg operations specified in FI G 10b, bECT/SG2003/000043

regions A and B are still not connected. New
rectangul ar areas 34 are set, statistics calcul ated
within them and the region grow ng is perforned
again. FIG 11 illustrates the_connection between the
body of a lateral right ventri® e and inferior horn
of the lateral right ventricle which is discussed in
detail below 2. Algorithm2.1 STEP 1 :Loadi ng and
reforrrattlng of i mage- data The i mage data of the brain
are2 Dafine giong of interests ROIs) ocat i on of
t hex r@@ﬁlsamﬂmtdnest [{RQH)I a;ra Sieﬁﬁed berreipomding RCtler eerktrieaul. regions:
TI’T\ELL-B; amm OfLIL-NeVIVEH, M8y ah V4C é8tep 2aFed. 1). dthe initial ROIs are
eXRiheE ¢ figtot R0t e i8S Ghdeb e gtlbﬁ‘t anad, i @8 331 %est ROI

Pa{eg&ibary ABREd 6@ titePRufiQiudiis]/ SG02/ 00006 fil ed Jan.
in the nhanes of Hu Q and Now nski- W, and entltled

rBdeterm ni ng syrrmetry in 2D

SIS onexﬁnt Srtlﬁe AC and PC may be

1 | At LAt A%t hod descri bed

il ‘?8’&; g v ient App) i catjon No: PCT/SGOO/00185

f i4 egetilBY! Wtfmﬁ“ &Y ordae ¥ARowi nski

Thi r dhar udkeiely hetweenMSRBMSP| &5 mWBtiﬁbd@IaBdand [MSP-25mm,
appar at us Mbr] fpr&é@sBL@Igi medi cal inmages". As the NSP,

t he AL andotsaBy PEtween kAGWAC tméSinm@e(ﬂmEats@o‘H”t h®ans in upper
brai n ar e (doredlpdinedtioadroat thegAC)he AC-PC pl ane, the MSP

or3. t RefelVRA2.8.20e1dw &r theadbtive @dt@fahatioatsd RGE@I bilbdbquent

ori eplogédspigs are available (Step 1 shown in FIG 1

Thi s permts the use of any orientation for settlng

afhm%&%ﬂ vBREERE M @ g.n(? hb ea?tsﬁﬁwﬁ 98 'P‘i@}s gﬁ %3% %9 aré fvextybx?anable n

: nﬁ%f L%%lee ¢ u' vy)\f,gn ﬁ1ee Vo v, om around
. 2 (mee (i

?Z e {Hg@ soft l}erﬁlaec?ﬁ rehgcarle tlg angljé gm prior art

of %ré@lﬁ% n#igt |b’8?fa atiy i 146 llqil?ﬁw such @gcwegtﬁmular casts and

i iroeyReencephalegrams e By og beaacewraiei dbedeft lefpra) vewricle 10 is
delightli egarahan thedrightvesntriclof2 i enast asesmeFitesdisiatice between the
t dsteml pragginsetbdile ventriniey atict mbdmumpgpkdaddb bypicalg\d@ve 40 mm (see
r dgidoslogyr ofvhe gkhld and blain,eginditécssind Widlede. Bds: eTgted THNand Potts
t IBG. BBkt GRea®NeeR! Ml @8, 349 —| 3Bw7y. e Ikt theinase distance
' %eﬁﬁeeﬁ@h@m a‘iidttH@Ia'té}Ell of BitheR 6 t—lfeelﬁt)éra‘?fveﬁﬁ%@s N £28und 15 to

o B ey egﬂ%%@igé@ﬁ Al

regi,ons |nt SIX nt er est
R%ﬂgﬂ}lg%?f& @33‘5% liy V%lﬂ)iﬂev@n F PEQT & literature, it
LLmet LROY | Jipaut gfsge\4Robertson  EG.

cajrlatse
( ﬁ%wnszencwl@b&yp hyTiee. 2n8pmrwf’ 1elOlls 196% Theaasrod, Patlisher]. The
i rhetghbetidanaterahwentielss candaedeteraimgst andris typheallyiasquid i to 34 mm
bl(ggagle RO (then exgs dmtweenbtisetingentd idreavmtalorg dteuslipesamedial and
2.idfeloliReHad whatls o¥ldteiB] @BitriYeRiBcdidgalFhise) Ak én RS raﬁ%e bbeto 25" )
COTHRR A hedglit SR AL-133wald bRb bpiér to Ho jusighiqct the VA

2.2.2 ROISs 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].



2. Set the initial rectangular RO on the VAC i)
| aterally between [MSP, MSP + 25 mm] for VLL-B and

w MeR02BRM MSP] for VLR-B, and ii) dorsally Per/sesn3/ 000043
[AC, AC + 35 m] (the sign "+" means in upper
(dorsal) direction fromthe AC). 3. Refer to 2.3.2
bel ow for the adaptive determ nation of RO for
subsequent processing. Both Iateral ventricles (10
and 12 as shown in FIGs. 2 and 3) are very variable in
shape and vol une. The average volune is 7 m but the
volume may vary fromaround 2 to 39 m. The estimtes
of the size of lateral ventricles 10 and 12 given in
prior art literature are based on various techni ques
S Uithle RQIs20rahd 22 dsallustiatddsin #5@s. 2pameBnave seteynithé ogoasivorientation
Whk ¢bllowasy not be accurate. The left lateral ventricle

14,1 Selest al0tNelc¥rdnal dREs bdt@Berd A8 VAQBAd MeNVPECl e 12 in
MYSt 192%8% offfeddl TR LReRG I PARE B iHeGem] @Ja?ﬁ@xlns 'ﬁ@ﬂﬁt GFthe width

of b%tf ﬁ&'ﬂrlb ‘%)l 8BSy @hrdls gstorﬁ Y % %pahﬁ iﬁcles and
\S;gnt rcfsg Wtjsafﬁl IN’} ?mfl) % & ;&A pp f3494
Medi fizo Pr ¢ ay it of V3
i ni 48 Q’F&ﬁ‘@ o Bl thR/BFinﬁ igf-503] fﬂgg {gnal duc

of e.t@,ﬁl&er Qe ROV Arieand measws the| @%tam@ f5omg Jhlé toche M - Divide
20 mhis slistatige in delrand qopidenihifeasopoinsia’t dhivgmint siwuld be in the
ment ivicieity abthe oenivall partagfisha temptoval hory. [3wivf the RQIs2( mm x 20 mm
encl ds esfetehee teathéy pdinbauthdathe obrdimees at€a,ad-10) (a, a+10) laterally
vent ran@ (£ a-200vibiredlghidibcome] B FId. 3jhe RO is not

geyenadeh Yindlahisb@e R ONfok Bﬂswsbﬁrenaﬁﬂocégsé@mtew e, it
can be cal cul ated fromthe nmethod of Jirout [see

3] @3 Pneunpencephal ography, ed. 2,
Spfh r@géﬁl‘% a% 21?1%1‘]’1‘&&5]81[ il c%css sgcalg?l tgg Qagé%tal oﬁ%ﬁta ation as,

% round 32 to 34 mm (if angle(the angle
‘°e nts drawn al ong the superonedi al

and

i r?-f eS%‘H th% Bitigl T lap RQlaindprarpossrierly br@sen hrboF Ghand dorsally

pl anb?twlegn[AmCt-H@mJ@né@ﬁ@mI@] o FJG. 4thus, a hei ght of

AG+3Befeoubd2.312s belapp éar theoadptijre sieletingmtio . of, ROROfos subsequent

for pocedsimend VLR-1 The tenporal horns are very

vari abl e. The maxi mum spread of the term nal (nost

veir halor aeive s is around 57 mm and the width of the

tmﬂ | MQ@ROISZ@HQHM i V8, a@gldm}ltea- RRYFIEHI4/€ The length of
cY1sat§kJ1 f’§ ﬁ]ﬁJ 1208 e RAGHIJIGIJTR 6 RHMs around
b s%%@gf uae

mltl e 05t NS ddhe skutl
ﬁ@fx eggl%p 8"11 rg'?%n I\%O 4 da iBbo s, Great
eIPp 3 41s s1 ik shags tgd)ota; 7t§)5t’9 that is, it has a
p@m’g@@ ar pgnghf-éa R@l@eze@ddﬁlﬂplﬁmdg%extendmg therefrom to
i |anu@ner<aloelumgrﬂt rheafastigiuangosterasuperierly.cFhis e skayymimFIG. 5. This
orR@htmyiincluda thef divius\(sone), thSeindie¢nt aisternyhquasivigomanal cistern, and
sldigtena hedgmae ThedeeunddGrabbe strintuiePCan be Sfvbudedtif dhoROI is made
S priedehlffantl A8 apei Sdihidig Mahé RisininiRstetssppsridriyhorns to
that of the width
The ROl is set on the sagittal orientation as follows:
1. Select the MSP.
2. Set the rectangular region:
i) posteriorly between [PC, PC + 50 mm] (the sign ‘+’ means in posterior
direction with respect to the PC), and
11) dorsally between [PC, PC - 45 mm] (the sign ‘-° means in ventral
direction with respect to the PC).




of the skull is 0.55 according to Radiol ogy of the
skull and brain, ventricles and cisterns. Eds: Newton
wdakboana7sPott s DG Medi Books, G eat Neck, NY, ppCT/S@8943/000043

- 3537. Draw the horizontal profile at the |evel of

the inferior point of V3. ldentify the tenporal bone

signal in the profile as the | ateral -nost high signal

due to the bone marrow fat aqg nmeasure the distance

fromthis to the MSP. Divide his di stance in half

and consider this as point "a". This point should be

inthe vicinity of the ventral part of the tenporal

horn. Draw the RO 20 nmx 20 mm in reference to this

p@i nkingb thehsiperdpostedor ganh af dbe RQI By drawing)a ling stasting) at 5 mm

| at epastdripr tarthe P&, taathz0posteesinfeaiot yolnenfof rtho RIGH) to hisexe the ROI

FI G otiliquely. Keep unchanged the RO for all subsequent

PHOCEDSEE Ahs | inf&@6postefiod- parRQAf fHRr RMI 15 e dR¥ing 2thk Ofind/3rom the

as | fnk‘éi@éﬂtéﬁcﬁrcéohfbr 'c:a!f the HOI JtoSthé %hd he gétteﬁ@il 11m1t of the ROL

or i efif @ty PN e fid I al% 1&9 1ntt % B& facing
B ‘Ear G 5).

| n| t Jrgp
ﬁ g ¥or Vﬁp@v Emg]él 1813\, h f subsequent

adapli’l eesm&gt erm nat | on of RO for subsequent

processing. 2.2.4 Rol for V4 Initially a large RO 26

| $-38EHP3m Calgulatesstptisticsdoreach RAIF| G 5. The | ength

ofTheaeplradaied staistiesk eharaaterive the odistibutdon of tgtensifienim the studied

t egibme odtitendst. f Thwomitidl R@AIsa20,a22) Mddand 26 nare avhdsent such that each

hebgtains dsre@taipehedts: TSFNGXA, atid W Step BJ, FiguRabi Bbogyonsidered

ofROIN&s histddram N dalbiilaied and € grag 18] adides bs CSFNGM, Bid WM are

NQl‘é{eﬁHJn-Eﬁl ANfufRkddsinPEG. 8 FoBesthonigoRadtt thB?eC\kaeluéél\ére calculated:

pf?neaﬁ"’ 4mmuﬁ5 d m m'uﬁn Sdsrghla% ih 'Fl@héﬂ?e The nﬁnfrhl]qﬂ &84 maximum
poﬁ%l lté V{f ges s r?e% (?1{1‘9{6 fife peaks in the

(5% ) ogr é)é \;@? ch, t ?ncﬂ) which hampers

T@ WK q %&n ’éomé mogipjng can be
|aa enfepalte | dighhu %ﬁ fOXlPP?ée ¥ eiftaBse t by (pmploying 1)

q aamgu@@ﬂ)m&ﬂy et &) ﬁ?auﬁrm aPBIOé(!l@?thfmg na. These

undesi rabl e structures can be excluded if the RO is

nmediel Histbgragu paoceasiolg an apex pointing at the fastigium

paE&tle rroBU@Eer 20y [24. ankh@6 ROl ddfsed b fnilitdte malkist thht will produce

OfstaiBficly Cigriific | firdis nedess®§! RE tvehiRulbRystdm S@factidie FIG. 7

I QRSWHIME Ristd@BthOfbtaihdd B @b ROI %oﬁ%ﬁrﬁﬁg "thé %ﬁera?@eﬁtncles and

SQId nt (bl ésg @NRsishedd 1‘3&15 lﬁ %‘ft;dap where the
tty emﬁﬁ-lg oﬁgi ’r@ ot ? classes, if
eé a(r§r les 271 E)y \ E with an

1 i nsﬂi}fl eelnﬁgo §Q séz}l I1n ewbed below.

drawing a_line startl ng at 5 mMm
There are five steps to determine the intensity thresholds from histogram peaks and

valleys:

1) calculating a specific histogram of ROI;

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:



posterior to the PC to the posteroinferior corner of
the RO to bisect the RO obliquely. 4. Limt the

WO pdoeopest eri or part of the RO by draw ng t heCT/86@®03/000043
fromthe inferoanterior corner of the RO to the
m dpoi nt of the posterior Ilimt of the RO. This wll
change the original square RO into a pentagon with a
base facing anteriorly and i\}i apex roughly
corresponding to the apex of [see FIG 5]. 5. Refer
to 2.3.2 below for the adaptive determ nation of RO
for subsequent processing. 2.3 STEP 3 - Calcul ate
statistics for each RO The cal cul ated statistics
charlacepéakds ignoreli titsi dvert iscamadlf canmtagedsiot the suinuilative area of the
st udi eHistogeayh ¢ire.,df ith mfee islsts tha dori exiatuiphd, 1RO o 2, toR® area)
24 and Afeaiiieighbradnitds bbtvwicbtheciatsitieont] &rreXainpleg§% and 95%
conmpongping cufanlativéieadf theWibtogratep 3.1, Figure 1). For
aA%PSﬂnfaﬁf 911 ofGhe pebiss I ﬁ{eoa%@am fedtGambRhAth and fahﬁnogm

&3 e {4 bk % eiSH AR, and WM
r ei dﬁ?ﬁ? @[g;\g ﬁlied%!?gx@ hi hgit 131%3 :geqﬂ ] on g]{oeWI\a}Inon T1-

r
smﬁ ahi %Eh WSStr%Pr‘?PS 2K GOt )Ues
correspond to val an values correspond

t dqsh exigiangmethads ﬁ@culhﬁesth% gsgr@m ¥ talomg b pverage of the
dawe neakee censpording 40 YT and s a@nd ulajhiEH- Bregholds by
d éekangriheaavepageointeyisioy aif tbea?&slmamasmn&i:lyg to TiMdr afdoMAVL. In this
s dmention, ttha inisaicthtelhalds e@nappeoximpiet ivethgamdylinet @nGatsyian fitting.
diThe fnitialt thesha@parexppikadated by polylihaficing dfithe histoapyam gllustrated
1hs fdllowangul ar, 2) poI yI i ne or 3) Gau33| an

apPr OX M4 QAR thhistodraki #1001, ATLRS ﬁh@gl
tzgat 23\/' ¥ tﬁgﬁ 1%8the ?(? dlo e tﬁ‘e ola}lf: of?p%? 3(:%\desvalleys and
necessaryc g,CEtS 1n% n FIG. 8

shows t hel Wﬂo al ned from an RO contai njn _
t he | aterBr eaghhiing e@zgermﬂ thedfifstpdiinestiting: loeats thergarehest point
i s desi gniomitiee pnodbekhistoguant fo-thisdiak segnsemdgr am wher e

the i RteQsoideyt pRaks pedl, Wallgboash thecfitithesipguinlisngf the smoothed
W GM  G8htogrtd a9kiktein §Y BESTSn FIG. 8 eehRISIYline fHitifg).
ventricleg &Eeel,hg fined ngé(n?}g%ﬁé@&&ésﬁb dn. SFBE&’W enided
glalxlelez :M ilne%ﬁ] a Qﬁ'a 1%1 SIER ﬁn\%&rli’ qgassﬁfﬁed that the

e 16

There are é‘ qﬁj}? erm Pﬂe - The lowest
t hr eshol d’él W@P?‘ﬁ%ﬁ 85& peaks and vaI I eys
cal cul &t i hecate hedesviqus frthesh geiahpest thraoext ﬁlﬁ@l@@@@&tﬁ% e peaks

the hi st ooff G 2im) Whdentthe scaed polalinefitiasi Fhesrpoints are the initial

hi st ogr amhresholdetfer rGSH-6YLt 6d1-yeuk sindosor enpendiiaegrespond to the

I nt ensi t yvartital éiseodho@sfin FBY 8.and WM usi ng

neur oanat om cal knowl edge; and 5) determ ning the

L hrRsd @hiddat ﬂﬁlsgqold% SO VIS ‘bﬁ&tag@ﬂl ﬁaﬁ@belﬁm wing of the
[ ity.
v%flgfllggpg%saer | g)r@dpgangftﬂ ﬁat PRI effect ARH Rt ¥homogeneity

app lon to the original

# é%ﬁ%olo ng constraints are inposed to

As §16 1n(£]?r§§ Is% aaignsd 26 are defined based on the worst case prior art
literature variability studies, the distribution of CSF, GM, and WM may be
unbalanced, in some cases, (meaning that some peaks corresponding to either WM,
GM or CSF are 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




WD 2004/ 077359 PCT/ S&003/ 000043 16 1. A peak is
ignored if its area is snmall conpared to the
waewloatssve area of the histogram (i.e., if |PCT/aGHA3/000043
is less than, for exanple, 1/30th of the total area)
2. Apeak is ignored if it is between the intensities
at, for exanple, 5% and 95% of the cunul ative area of
the hi stogram After finding 3I7 of the peaks in the
hi st ogram neur oanat om cal radi ol ogi cal know edge
is incorporated to | ocate the peaks corresponding to
CSF, GM and WM (for exanple, it is assuned that the
hi ghest intensity peak corresponds to WV on T1-
weedylotion ofROsi feeformed iteratively jumtib thsi requipedh distribution is achieved
c ¢8tepSpanBeuteol )CSF) . Most exi sting met hods cal cul ate
the CSF-GM t hreshol d by taking the average of the two
P &Rk $heCROILERARFoIENG © COE-Raskd GVR-B theCapedt lrati®isGédpy\Bbnstant,
t RhE AR dss a{%é! redh@é‘d ﬂfgmttﬁ'@la?éfﬁraﬁg Qotsaf NS, tflrie RfOIchfQ:orrespondlng

DQ@K/@ 19% Elg S %dTMdIrQé A is reduced
cise (S)Al gﬁﬁdﬁp 5 ﬁd téj I'R!® are not
aﬂfﬁ? f?r laacstf/ CB%%P% papag Yorrefr%w %%e <see 2:4.2 below).

|Ilustrated as fo ovvs Srmoththe hlstogramof RO,

e sged Withix In the smooth
hlAs sogleatped IpoEttie df:ﬁ@edpwm e@ﬁh R (e 3- ZaEtg%ulD ayd the region
arglowingstatstiranhipesgid pomhd val | eys sequential ly, as
shown by line 2 in FIG 8 (first polyline fitting).
(24.FSeepointd forevIseP®mid VOR-Bhe first polyline
f iBach BPthelse€BpEintsiTor VUL @St VPRIBEs ddfinednaé hglowpot hed

hijst Sﬁﬁﬁl@tﬁ@mwﬂsﬁy bf he REAHIBRbntal FIH S G éve&ﬁ Smm starting
peakfom fmm.and the furthest points of the

?Sec EHSEF?W 1 Eq%:/nel ﬁaﬁt I, Ilcgé"a.sé<3 the robustness,
i nt epSi ¥ ii@lpggﬁ?q }‘dé’sgz ’ gw&s’l’t_i gléag one pixel

&.’.’O

by n PW&H 8fP ol 0g |cal

-1 Bnddbe frnaettir %qg@engﬂaaﬁég? AYGRREEAGTTD lepaggw 3¢% thg seed poin,

WV ofprrszamlegmtb@immeo jesest intensity peak is

of CSF). Locate the previous furthest point and the

nex4.2 Beed peitts fowiViLLlamdtBRdeaks of CSF and VW on

t MEhes@@onebsitiinydf the right térbgal pliesenpdhing ShaROItwich respect to the

| Nefekdtlbe Pliee WRCISVPOY atBEEC (AN 1BRHo®H. Dhsrefdiné] the ROIT

C Qfeﬁﬁé@ﬁi’@ZtZdebb@ is ﬁi@ifdblecﬁfd il {sNeBorP hAMp1E BorShE pléhes between the
h@lVI;@rPﬁB e Wibbte® SGndNARYELAARRELY Shdn the VAC

:@é&ﬁﬁﬁﬁ 83’1«‘ ?%o{i% oﬁﬁée }%?i El!ic% e ee%ytﬁ Wé 1§ BROVPC with

h1s ROI, the

stpjégtic %th t§§ 5 FAngTfro pse fgr g?ﬂ gg“ -B for VLR-

t He Thesesd DoRy & paseshat gher seompetrisicenisy @ %ﬂaﬁa&ﬁﬁ regwn

studies, the distribution of CSF, GM and WM nay be

urﬁ;ﬁBﬁee@ppiﬂtﬁos‘b’&e cases, (neaning that sone peaks

C OFlressspdpeinhfpr (M3 isidefiesd adMllov@ or CSF are so snal |

t gt Calvalatad profidé aleas theyAC-®Elin | abl e in the

hi Bt o@fedfine alhiksl on the AC-PC line 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.



may hi nder an accurate processing of the histogram To
i nprove the density distribution balance, the RO is

wo eddoessadapti vel y. Wien the ratio of the WM BVI/86G2003/000043
CSF peak is greater than a given nunber (4, for
exanple), the RO is reduced by a given percentage
(20% for exanple), and the histogramis recal cul at ed.
The adaptive WD 2004/ 077359 PCT/ SG2003/ 000043 17
reduction of RO is perfornmed'Yteratively until the
required distribution is achieved (Step 3.1a, Figure
1). For the ROs corresponding to VLL-B and VLR-B, the
aspect ratio is kept constant, and the ROs are
r @duCdculiteonpidfide bimhgreath amdplddirsadegsictie@o ilitreaseChe 2dbusiness,
cor rees@ahkinesg3 forcexuthples carebiased td obtuirt the aveaged profile as in 2.4.1
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3 @gfageﬁ% o SRR L A B S St o
SI ngﬁg B poi nt is defined within each RO (Step
1) and the region growing starts from
5% E@g éngrH‘“c‘zlaE"ig‘S’éed oints for VLL-B and VLR-B
B vemiricwlar egiops g5 goymsp SDVindensndenfinAtatipg ifeony tyej dréiged seed
a@omécﬂ (o 3.31 Figaapl)e Regien| siowing isydiesctionad wigreh allows for better
heontradwf gtdwing fro3Deranepl e every Smm starting from
AC+10 mm 2. Calculate a profile along each sanple
| ilRenSRgMEMhiniden] NCtheassihbe dndbust thessean vahes of the CSF range
a‘é@kﬁﬁ%ﬁ iRIS¥y 3.2. By tRingftAE cOMPRRY Bngd vOindEHitlcs JARIM], the region
§5He %ﬁmﬁ’teﬁ%ecaﬂ%@ |o?‘f1’1e915’a‘iitlﬂ%hﬂhé‘ ehreabYEs b a scaling
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% 5ane: BEAESPHSHR hepfimated é‘é%l afgr s=1 it
t maaay b@fc@fﬁ@%@assﬁar’f@@ ‘(awscof VRS ghée Aeleptedpbasag)on guantitative
uraksessent.Therefore, the RO defined in 2.2.2 above is
novable and it is set on nmultiple coronal planes
b &towvEeiiithth eregACgrredng, hthe \iRGtriddll arneegicms ears efuethte duladidided into

prsariss eshrediaid, i R illusgatd e FVAE 9poal e, ortiy .apiivectCles several
r@g{,ﬁﬂa B dahflgoronal slice between the VAC and the

VPC w
Stat S:Ei' 1051;2?%\?%{ S d(}ﬁ: ed a§ gilggle%ip%g ﬁfeerg]e}aééi By 'Gmpler ones.
st at T sti0s WL THee" gﬁ"% nﬂ%élalgfor V LZQI@

t hat © ofBefeRleakqgs conired. ag it lmﬁléwg@elaccg}eme SRecigE doaiumknowiedge
t he gedwseashistbisgitler of this |argest CSF region. 2.4.3
Seede pdiroes§ing isvBorEledficiemds polyrat submagiorBneeds thelfa regrbvensin case of
f ol | ondeakagg. Cal cul ate a profile along the ACPC I|ine.

2) Det anpilidfedrddui®dn ONtht PertACybltmlel R cS QY iR teasivd@Sificorporate
gray | eyglifil 3omhRsedWIdde iGach GHiepBAN Val ue, and take

It agt Sier fo adelE)sQ Wil initial thresholds tailored to the local anatomy.

2.5.1 Growing of VLL-B and VLR-B

Each of the VLL-B and the VLR-B regions is grown in 3D space on coronal slices,
slice by slice. Growing is initiated anteriorly from the seed point located on the VAC.
When this growing is completed, it is continued posteriorly on all subsequent coronal
slices. Eventually, it is continued anteriorly when attempting to extract the posterior
part of the inferior horn.



2.4.4 Seed point for V4 The seed point for V4 is

defined as follows: 1. Sanple the intensity of the RO
wheoodporssal |y, every 2 mm as described in 2. 2Pd1/SG2003/000043

above, starting for exanple, fromPC 10 nm WO

2004/ 077359 PCT/ SG2003/ 000043 18 2. Calculate a

profile along each sanple |line segnent (to increase

t he robustness, several Iine? 3 for exanple, can be

used to obtain the averaged p Bfile as in 2.4.1

above). 3. Calculate the length of the CSF in each

averaged profile and conpare the length to the

previ ous one. Wen this length starts decreasing for

ar.8.2z6esowingofNVNibEdged VLR ne segnments, take, for
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vd}ounﬂleefeﬂém the LAG-PE andl the SRE plages. {Thetsgbregionyk epptains the most
ampdstérioReyi afV 3y sepimatpddeom theerestisy thetAE@PCcamt thel VR@ plapes. The
usiinggiohel contdihsothie mgosy ventiah part ifi ¥, fepasatéd fion thegest blytthe AC-
) PQddthe VAT prabése val ue of s. For s = 0, only the
mean val ue of CSF is used for growing. For s = 1, the

fuH i af 3DC§Ffo'.ll§wk‘t Sﬁﬁréﬁgn PR grdwn &brsélﬂ»eaﬁc?&h‘tﬂ@glon 4 is

g (W91 §r 9% ?§1‘ic%egas'i t}feosree§ Poirt! Sy go el grown
Ll
Lo fh e e il g"ﬂ i %ar%) gion 4
ST 3 o 0 9raﬂﬁfya9n R} tite® 2 ﬂrgﬁ?lﬂe 1%l common wit
s@BEﬁeﬁO&@d into smaller subregions, as illustrated in

FI Gs. 9a and 9b. This approach has several

ad®adGrgwing Mdnel y: o Region growing is sinplified as

C Ovp lise sutsling ek irdo éwo espbmgipds by the rpiad planeepassingrthrough the seed
Egni®) a€ @hown!in rEgarab. nGubregiunng iaciddeotireatrerigr part)of V4 and

BatbRLionerinamesC@e ifetior (A8t dftv4.s easier to incorporate

specitic domain know edge in each subregion. (r)

Pr\ga €S Sidveh bR 2R 1i6dsl a6HSY iRSuRREYna SHPRLRIAN e St egion 2

ﬁrg&cﬂl}@ 1Q1 s‘iﬁégoﬁmﬁr{ ﬁgg&ﬁipfo{ﬂt) Facilitated

on o ume effect, as it is
sier to |nc peCIfIC domai n knowl edge in
ei%ﬁig

thAseSo8 ‘“’Pﬁ ﬁg'glpg 31‘? t he |n ti
t ht l@sﬁ«m%@uldareglepéa ?f81efl o) i&na ot §X§acted ventricular
Groyfienig The rew_a,_mgg Rieelsyl-g, those not belonglng to the ventricular system, form
the background region.

First the leakage has to be detected. Leakage in various areas behaves in different
ways so a single algorithm does not work for all the regions. Anatomically there is no
sudden 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.



Each of the VLL-B and the VLR-B regions is grown in 3D
space on coronal slices, slice by slice. Gowingis

WO pooioztsed anteriorly fromthe seed poi nt | ocaP@emSGI03/000043
the VAC. Wen this growing is conpleted, it is
conti nued posteriorly on all subsequent coronal
slices. Eventually, it is continued anteriorly when
attenpting to extract the pos&&ri or part of the
inferior horn. WO 2004/ 077359PCT/ SG2003/ 000043 19
2.5.2 Gowing of VLL-1 and VLR-1 Each of the VLL-1 and
the VLR-1 regions is grown in 3D space on coronal
slices, slice by slice. Gowing is initiated
anteriorily fromthe seed point. Wien this is
corepl Ahtidealgigewongitions cont i nued posteriorly on
S!Abﬁ%ﬁﬂﬁgfovﬁpfrﬂy&ﬂeﬁd’lbwsnd theSvehtidudnd e inty3hd/Sxiraventricular
disydcd €Pwb BEupk A CoditibRtir® RsimYatéd® dYaBHeS thi8 $esBlem: 1) leakage
taét%’t ddnRitichs aRdl 2 féﬁkfg@cont%!%h&ﬂfoh? ’f‘f{ége cérﬂﬁ’tlo\ﬂ:’ Qre based on

a br Fagioq gropertles

a%ans,‘11
( BE fn@ﬁﬁ(ﬁ%@% %lm:i aﬁ\‘ﬂﬁ oﬁgm %ﬁ S tion

Eegé?}ht ai ns the most dorsal part of V3,
separated fromthe rest by the ACPC and the VPC
pRere¥YLLrRand BEBB dakagesont ai ns the nost  posteri or
pieakagk M@y osewaimeeppstariomvenaly past ofythe thedxplateiply ventricles.
t MoreRCr,phanas.cafdsea lagheystic olongated spase hstwides thwkateral ventricles
verdyr bd ppseit epreg@itingetharcated feptum tpelucidwh dnd tdvemACergae. A
PGoRfialt legkagbGo phidrspace M tfosbegtimsoRed Bs H1laThisobdnobs checked on
S‘ﬂ&lﬁ@l@g@@l 1%1dg§s 8¢ ﬂié‘badﬁhﬁ@l‘élé’u@ﬁd &yéﬁcﬁ’cﬁﬂﬁrhnﬂl prédlctable and the
OLONE WANELRbE ¥aty dRXdcla & Has @ﬁ"i; chhiNgtdn B@mﬁﬁ@&j to CSF

p%h"l‘l- {9%1%@ Fér tﬂé‘? A S &Q 492tn wth
RGT e 0% tﬁg’gj}gi?ca&ﬁ UL PG of V4, can
SPSF?I?% T (Y?ﬁ‘ﬂ 'pl er common wi th subreg| on 2.

2.5.4 Gowing VA V4 is subdivided into two subregions
by-@-h¥Ldx] apd jilard lgpde@gehg t hrough the seed point, as

s Hbarfollowmgdealgiges Suayr eqgioimn thespaegioness 1 Hafeserpedialiyt through the
phigpoodmpis @ntlie istatpedyyicolar 2istang,| 2)dwsdinly thrahgr wbite paatter (optic
ofradfdtiony4nd Scoge Weharaidal fissure] [ to s sulthoachabidyspiane. Suitable spatial

S%Bﬁﬁ@h@@ ade RShsV® Rt ladlaye iphsvetifdsiR 9Tl i desdritietliin@nore detail in
f hog bhgioaxi al slice containing the seed point. 2.6
Leakage conditions for each region grown The

f%rﬁeg%,%tigﬁfz{ gionis formed by all pixels belonging to
Iqujg%xﬁowmg aktagcgst 1%1'&10%'{;91% ' %Stlﬁm r-ll-gr? {h%'[@ nﬂhn gfa.mlna, terminalis
S8 ﬁ%%ﬁmﬂ%??ﬂc flﬁtsmo)& 5 TSSFGEDIAL [oEI gﬁﬂ to the
hasternsdpreulpsiciteags FisopRsterios semmipsietalk of the
i pinfial beds e thwy@nwnan@wn@q léalﬁlg@é% pansifeErdels hage oggted when
f dhe murhbarted exiagsiteshpixelsimthe wierant|slice ise fas exemply, 5Q’Gdaes than that
chafiggreviothdicsi ze of the ventricul ar system except in
specified places. Therefore, when a region is grown
0.5 ViqMeaksdesce it is conpared with the previous
The following leakages may occur in V4: 1) dorsoposteriorly through the superior
medullary velum to the cisterna ambiens, 2) ventroposteriorly through the inferior
medullary velum to the cisterna magna. A leakage is considered to have occurred
when the number of extracted pixels in the current slice is, for example, 50% more
than that in the previous slice.

2.6.6 Tighten growing range
When 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.



slice and any increase in size nore than, for exanple
50% can be considered a |eakage. If the width of V3

WO g004foom35€exanple, 4 nmin one slice and if it BPRISELOI000043
for exanple, 6 M (50% in the subsequent slice then
| eakage is considered to have occurred. At other
| ocations, a grown region can be considered | eakage if
it is grown to an area that i,s not anatom cally
correct. WD 2004/ 077359 PCT/ S&003/000043 20 2.6.1
Anti -| eakage conditions A region grown may "l eak"
beyond the ventricul ar space into the extraventricul ar
space. Two groups of conditions are fornulated to deal
wByhdecteasing thebvadm ofithe [sealingfactoris thagioping tange of dnensity [ —s*
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vV gkifalhihg the 18Eidd igeSying agsih @h@ ghethingpvimed thekakage is avoided.
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sepd @owied.| can be easily detected (it has higher

signal intensity as conpared to CSF on T1-wei ghted

[ WG@‘VLf%aﬁ«P@"L @kage into the quadrigem nal
¢ 'LSeEE atdﬁgirﬁﬂl'af) RisRel Q¥ tgg iéof Btekd1Sventricles

u%go gas‘g %gom 0%\7%. ?;E%IVH % Pg Mowed below

flg?qlr?% ng | eakages may occur in these
reglons |nferoned|ally t hrough the hippocanpus to

t Reb-PA\EEk 'édl!m‘i'c\ﬂ-'gr cistern, 2) nedially through white

mekia pevend poﬁentlal Aeadtpgesi, the)foregrpund region(§)cdot piogessed coronal slice is

f i(sslunel)allbwed he goublzeyant tiw busday of REUifoaY¥LE-Isyya{ L

constraints are inposed for | eakage prevention. This

i $.6leseri bed in nore detail in 2.6.6.2 below. 2.6.4

V3ud arka@gs of i t&dfl &/nd;s |opalkag ahic MRYarRe Wetwiech M3 supdrior and

arlhﬁfhbp]&!x&sto!ﬁ RRUBR B! @ﬁﬁ‘ Bedr&sB ﬂ@ﬁg ﬁle ahﬁarfo'ﬂ Qirection. In order

R ?&%ﬁfﬂl 'Teak%%e %ﬂr \4&5 Eﬁ;ahc tegmentum to the

1g g)reﬁgn 2?%?&[@? Wid hh P férﬁ%r% t gé]g & subregion 1 on a

e ol oL Hlovig RSB 91 T 5 i . i 50% o

artB wikth Oﬁtheé’é?(‘a%‘ég slige @iong RFANIor 6IREHAR- occurred when

the nunber of extracted pixels in the current slice

i sTo fpoavenix boajsdgs, padearhy droginthehBE (statk o dhermdngadbody) to the

s| disterna 2mbBiehs,\tdol spatikd gesstifimgs drelilpededy | eakages may

occur e Th¥4naxishushok P os tierfofdgtount egion bf tlitregioner o108k currently
processed axial slice is on the PC line (the PC line is the intersection between
the VPC and the current axial slice).

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].




medul ary velumto the cisterna anbiens, 2)
ventroposteriorly through the inferior nedullary
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to have occurred when the nunber of extracted pixels

in the current slice is, for exanple, 50% nore than

that in the previous slice. 2.6.6 Tighten grow ng

range Wen t he | eakage occur522t he regi on grow ng has

to be repeated with tightened““grow ng ranges. The

range can be narrowed fromintensity and spatia

poi nts of view WD 2004/077359 PCT/ S&2003/000043 21

By decreasing the value of the scaling factor s, the
gR®e.4Y4 ange of intensity [ -s* (. m, +s*(M )] is

ndor meecht [Ehiagt | dpndopnsterdoriys titomgh theesupkiive ImediBargpvelum to the
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piDogdrevent the Ishltage veéniesposteiiony tieedgl thetinfefiot hedpiiayiveltsn to the
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e Increase in er of extracted pixels i's
%h for exanple 5096|n t he subsequent slice.

Lf Ie.,age has 0 curred a boundlng box is
onngef i corre panding a, .a

ing SrOVRXCRIONSi g . 6.

YelFoc 4 & Ydduki g’rﬁlﬁéi\m’ may,
c .g@@@ﬁlﬂay ot b%@o@@@ryd 8% thpéi | r@gloo@h@twe@m them gegpignaFey and the
ViRartiap volomereffast eissoinst lopf image ragedutipnonihgrohitii gnewing through
beheh.| owed below the PCin ventral direction. 2.6.6.2

VLL-1 and VLR-1 To prevent potential |eakages, the

f amegrRYAthn efisd NhSdksO Rvhathef Ome SeRtkspodRiea veﬁtﬂ@mn fegions are
(%bﬁﬂecﬂs‘at 7 haVer: tg?o@ﬁlgwc&ﬁﬂt?(ﬁﬁ hierdigwadany e d?pgrowmg is

I ess’
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8 s 1516 ﬂf%t 19 SRRUE cCRPBAGHOL | 15819 qé cannot, be
né@@mcéeﬁhhmt% foregpraditinms &@S@cﬁ%n ciugde ap %lam%@amoa’v edge) are applied.

cistern, the width of the foreground regi on of
sdh’r'.bg}mwing vegien updeoelsed comditions slice i s not
al Thevgrdy flevel norgessre felaxed by ipcammethermmlee ohHakfos@xample by 5%
t earthhglfirbmas = 0/5¢ irpthe tensity shigealetdrmig dtiyehafdreniof —s*( —m),
di r eg#Man. )70, Phie\¢6Rdept Ralagmitdioint FGsO01day 10haAdIDc.tTedeal with
Pct:hé girﬁhfﬁv 3 Bfedi 6 %lu@ 8ely dard 8 $rbfer thhS i er na
two spatial constraints are inposed:
Region growing under relaxed conditions is applied to the following situations:
e Connect the extracted regions of the ventricular system,
e Segment regions with intensity inhomogeneity, i.e., subregion 2 of V4,
e Extract the narrow parts of the lateral ventricle, i.e., the posterior horn.



The maxi mum wi dth of the foreground region of

subregion 3 on a currently processed axial slice is
wo@eootz73BC | ine (the PC line is the intersectiPCI/SG2003/000043

between the VPC and the current axial slice). The

di stance between the gravity centre of the foreground

region of subregion 3 and the MSP should be small,

for instance |less than 4 mMm [age Radi ol ogy of the

skul I and brain, ventricles afd cisterns. Eds: New on

TH and Potts DG Medi Books, Great Neck, NY, pp. 3494

- 3537]. WD 2004/ 077359 PCT/ S&003/000043 22 2.6.6.4

V4 To prevent | eakage dorsoposteriorly through the

S 0472 Conneve MILIL-Brwith &/ Linl and{VieR-B withév¥hR-lanbi ens, two

C Qi tetailed steparte chsre sexhectidiieetwerDéLRdB ahd ¥ IfRoI egrsotoud below.

PITKR| cdnfdctibh §s ﬁétfdrﬁféﬁ i icadoredal BecioauTHe boineciife beasen VLL-

bW anliorLEX & Rhfoved B £siiiRAwap over that in the
preV|ous sllce inthe inferior direction. The

{e%o Eiﬁ‘%/d ‘oélt‘ﬁﬁ %lfo%lg%stgﬁfmfe‘?ﬁ\ﬁﬂ\rz Lnd
reg or exanpl e,

%téﬂ en %11?( or round. re |on h
sho o Cyis 8%9%‘1 e ﬁ% ff H:?ﬁ I pho current
from t ﬁ@nondfshpﬁe degptediCaus hqukd’léhe areground regions

| eakages sqpal to@p sk Eiandlr. [Hndtgoo gb Hémmnﬁfyew or
nedul | arye Vedddmited ntiinuik | 28RS Ar A dconkA1Bingt & théfforeground
the foregro &%1;&% g;@foué @&ohaﬁtsﬁéé‘ﬁl tﬁ@&ﬁt@ﬁ&sdﬁééﬁ% d

be less th or_e gy of the

skull and b rgﬁ@thﬁ 4 ﬁgm L&? tg%g Esols rd
TH and Pctt PoBY ‘P(rst eéﬁé{a{?a“ﬂéakt e KRetangyl @ﬁe@éf‘n extract
3537]. 2.7 Yreprey maitssihrowgh region GFeEBEoHAAgeR} Bt cannot be
regi ons The faundtarii€ theagrey apittonts ajpaningo o ste 6’ \hofevg for a brute-
VLL-1, VLR- ffore&/Bonmntion/4 may, generally, not be

connect ecs aSré&eahéﬁl&n{o@gmeﬁomw@p off fengray eate. t €

narrow ang %th@ﬁﬁéédﬁglxé@{o%ﬂ@ nel‘éélonnﬂicﬁgao todRsh UOVElow.

i mage r olf

The gl é%r%@% ﬁ'ﬁm che b%Ebpga%e P]M %%1 EgrresrrJeo]F] mon Car - I
ventri &gt a80 F‘é@t%né‘ abeéowcynﬁ@s@tcegnecr fthe, deregrqyad reglons by the
gr owi ndolbwvidg siepsis are rel axed, and region growing is
attenpt eds deeatashaR, endaPgpicls bh @se for@mrouddiegiond, Where P, is the
These st eps I&ghRodt GARALE Gided of Aehugye fohgrelesl fegibn and Pj is the

connect i on. 1fméAQup&eirOfSelCa iR tloRer f&@%l@ﬁﬁdf%gl&{ Q4¢hown in
rel axing thggg{pew ng conditions (i. ased on

radlologlcal edge

is incor por ‘%e‘ gﬁéun%ﬁy Off:tgé %1%&31?%%1; ngke regl ons

stil I canhot ﬁ%&%&i‘%ﬁlto t@‘f“ RN EEO8: condi tj ons

( bas#d (hscle gt ela SHTEh BIRHLTREHE \coRRestedhEft lrléﬂe grown region

2. 7. 1 @ndhg prgvioss rerenelribies inrasttesios diredsivg: 1 lt%scomect reay

| eveb. rGheglewhather Peisandbe tyranheorenalistiee. Hfreoty g tresteff ‘23 above. If

(for exaspérmibgte 8% custeat ¢annectiongmoeesss 0. 5) in the

i Nt easiThe brawdercdebatigriioe th dnforcbiewhen eiten the segd pointys not found
or the grey matter is absent. Form a fan-type layer from P, and the last grown
region to complete the connection.

2.7.3 Connect V3 and V4 - Extraction of Aqueduct
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 (Q2), FIG 10b.



+s*(M )] . This concept is illustrated in FIGs. 10a,

10b and 10c. To deal with the partial volune effect,

w0 b@49zi3ee of s can be greater than 1. Regi on PCDBGIIH3/000043
under relaxed conditions is applied to the foll ow ng

si tuati ons: Connect the extracted regions of the
ventricul ar system Segnent regions with intensity

i nhonogeneity, i.e., subregion 2 of V4, Extract the
narrow parts of the |ateral véhtricle, i.e., the

posterior horn. WO 2004/ 077359 PCT/ S&G2003/ 000043 23
2.7.2 Connect VLL-B with VLL-1 and VLR-B with VLR-I

The detail ed steps to ensure connection between VLR-B

and VLRnd #ifl skde euth @Bl w.callddirsfepaicaeslidepndj s The following

g:: {/\gre n“'(\jl/‘ﬂ' Ho?'hﬁ H %L;n flich t‘ﬁ‘f%ﬂh@ @upem? a %Mﬁhxel (Ql)
aca

o {11% 6‘%‘%?81} dl eved | m | ar

en grovvln | i rect oIIovmn
steps ar¢ i Hylcolenisayt eE’&?,séP%S?ﬂe éﬁtﬂ?&s‘&%% erior )

pi xel Pl eof Itisilocytedngr the M§Pow VLR-1 on a current

cor chalChedki whether Qnend atase spatiatly cenndetnd. orTthe sewmer Enyes, V3 is
cor onatormsletteéd with Vennt det @ftent confbaml isveenhmted; he

nurrbaer Deferffeed fatidulae greangouds a @ipedl(désoribed belsw) tomathe axial

1. 1f ?(Tte’neQPtotIP inSup@RIrAectidn. Yes, Find the m ni num
rect angu e Cont

al al | the fo nd xel s
of the previl8gduei e I°|}§]|Q‘Tgldl%e Qf c?@lz ittPld e plane
direction. UCHEFURHOT AHES lé\‘?dﬁlf’%l ee‘é‘teﬁiac ipR P} (EBht
coronal sti dbe haff height obdlr pestansle in theanigrieypagienqy direction
at the rect aqgis mrthadisgnembbterer Bond Q@he grey matter
through regiTes halfeihef the retfangls ée thefeftmight dimemionkieequal to the
found or if gisheice b@lﬁhe@ﬁ@ Qhd tife @PERMC cegitrelof tisd RPegréind region

bel ow for a Hﬂ&g&l?} ﬁE&&eﬁ%?F‘iﬁhﬁ&qoﬂd&e&fé@ce t he

| ef t rost superi or boundar g/

the 4.r 45w rsglsea 08 th%aﬁflhleﬂlg%ﬁﬁ tF’e‘éﬂ BhSUPSHE ecp% Tﬁepaqueduct
4" bekawbe osiforek atvthet lowesttintensigntrethecteatchr rageg onnid -weighted

regi on(sR inegerdsretht Maghedt om TC-weighted imagm)., If gbe nombeepf pixels
4" belopywn {slzeWL $o t€ ABRFES fdrbetht @oEomd 1 egi ons by

the ? f @He@ﬂl‘”vﬂﬁ:t&i' ehS grd%vﬂ- Iﬁc&th%cﬂ? 2y uibidgiohXElo$ ¥ If not,

t hfe ) gl %%?o shbrebRnlN§r V4, eft nost

infe I %qdpcb? s gfﬁ‘; H!:B%SB it% ‘As 1 'tﬂ@cnﬁ%t Bl slice as

is t

f or egr é]&enlif fi'r%%ﬁeéhce éé ﬂ?ﬁ}\‘g he g@\wnffglon?ﬁ Qs Reteop 2.
boundarfpr tfe lrivs-fgroeyonmactien, tile the hinpeach aglapgice-as aggpduct.

the traced pixels to the grown region. 4. Check

Wistigfig bhignectionse(if thgyadnnoteeisth besveenrthe ditew] wenthiclehevith the
IR veREHCRN (thivigh RRe Fo@Miigi6f 006R06) may imoe Hennecessary, as these
anhRhlifd S b eghpRhkily! dndePlthe GRAMSIHE Pré@ite 5f CSFeald close again.
WOl AGEreP tnd S f%ﬁt alc‘)%k‘ o ProRiBE ABF! addlltion8l ndan® Qb .enSe these
t oc:ﬁ) c?lon auipt %Mgally he ¥ESisioh ey A& EeEfins can be made

qn eracti vecly br})/ the user of the algorithm, and the procedure is conceptually similar to
that for providing the connection between V3 and V4.

('Q

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
neuroanatomy, radiological propertles 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.



6. The brute-force connection is enforced when either
the seed point is not found or the grey matter is

wa@b@aent3sForm a fan-type layer from Pl and t hePCESG2003/000043
grown region to conplete the connection. 2.7.3
Connect V3 and V4 - Extraction of Aqueduct In nost
cases, the aqueduct, that is, the connection structure
bet ween V3 and V4 cannot be gétracted directly as its
dianeter is quite small (about™1.2 mm. After
finishing segnentation 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 nost
posteroinferior part of V3. Locate the nobst superior
pi xel of subregion 1 of V4 (Q), FIG 10b. WO

20041089 TR EHEbhS @ 08/ RaRR3desddba abevel ill Vel fHavdnt Ro those

QkilRd Gkeett, '6f S4AE wililst fhe pPMERentTRGehtnl 9441538n described above

a5 UTRL@SSwah ?her@&‘l:a tZ%\igT thé é}EB Oyednfifouddtl §tbl‘ﬁrfor a human being,
et

a%@%ﬁl%ela}% clat c%u dog@taggl?ca'b o' bfilaty, as animal

ho an
ave f‘ mPinloligy, 3

I};entﬁtcu]%n e ,yg em is even

m%falvi

WifRRREtativs yﬁﬂﬁ“ﬂﬁlgwgn?ﬂgﬁﬁally connected or the sane.
If yes, VB is connected with V4, and the current
connection is termnated. 3. Determ ne a rectangul ar
area around a pixel (described below) on the axia
slice next to AR in superior direction. The
intersection of the line connecting Q@ and Q2 with the
axial plane in the superior direction is called the
intersection pixel (IP). The half height of the
rectangle in the anterior-posterior direction equals
to the distance between IP and @2 The half w dth of
the rectangle in the left-right direction is equal to
the distance between 2 and the geonetric centre of
the foreground region on the axial slice next to AR
ininferior direction. 4. Gow region on the axia
slice next to AR in superior direction. The aqueduct
can be positioned at the |owest intensity in the
search area on Tl-weighted MR inmage (or the highest
on T2-weighted inmages). If the nunber of pixels grown
is zero, go to step 7 to force the connection. 5.
Check whet her the grown region 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 AR. Locate the IP of grown region
as 2, go to step 2. 7. For the brute-force
connection, take the IP in each axial slice as
aqueduct. Ensuring connections (if they do not exist)
between the lateral ventricles with the third
ventricle (through the foram na of Monroe) may not be
necessary, as these



foram na open tenporarily under the increasing
pressure of CSF and cl ose again. Therefore, the
w@bk@enieMm does not provide any additional nmeaPGI/$62003/000043
ensure these connections automatically. The deci sion
on ensuring these connections can be nade
interactively by the user of the algorithm and the
procedure is conceptually sina ar to that for
provi di ng the connection between V3 and V4. In
sunmmary, an enbodi nent of the present invention is
directed to a nethod and apparatus for extracting the
human cerebral ventricular system using a conbination
dElaimeur oanat oy, radi ol ogi cal properties, varjabjlity
of. Aheshadsfor ekiaiting conpbrabNeRtHREA SYSfeBhinformastign diom imgegs of one
i aragereprevetesks vergricWlah rmgine s theseetetiralr ventriewlan Fystem TAEprising 2
ethé dienteioles(VH), b Heudthnvemntticlor(Véhab left tatgrat youride (Vidkgdaving a
dddg (VRLIR) sdoaeiaseidr aegiporal) i€V el Tp pirtbht tadralstentrihel(VLR)
%Hfgafaebwwmom e axtikRbbi ¢Rnglordl ehoe®NMIR-, an anterior
sl A CSYS eI doghiRisSurd (DCR 4h@ ABhidsagiRANglhe (MISP), the
218 4 CQZJIBE‘Q § @3/ 000043 25 Vari ous
moai T 1 111Q tu?[ ? Ig?ﬂ‘ﬁel‘g b‘Iﬁth HR&I WI | l be
appar ] ep ﬁg,l t L0 exa
whi | st El-bgé%egrﬂ‘m} Wé lﬁl descrlbed tfa\f(e -
in conhEiBs INREF PhXeTiye %fcfeiglf’ﬁlso"fe’hlllehg O1gesing, fof Ieakdges mnto
ventrl%‘@la&@t@%{‘feﬁi’@?f‘o@n‘é human being, it will be
appr echeemgctingthe vaairigalensgions VL be applicable to
animal s, as animal Dbrains also have a simlar )
nr phatetigyl acedrdihg to efsimi Luwhereiy eesterissofdefining multiple ROTs,
c onafigihp sedd/poiatsgad growingvimaganiraapplicd/\ixsp 604nOT7 RS images
PCT/o8&2008B84QRAK IV 3%, GherlCloddnator ndke b AR fthe fourth ventricle (V4),
ext réﬁ&tt]:'lé?lgtoctﬁé 95 ahd YRAE Véitidiad (BB @@ VIDR P FdTBlon@Blling leakage

fro one or nore cerebral ventricul ar
reg| ons e cer ebr al vent ricular syst em conprising a

rd v t r| cl 3) 1 cl -
| g’t & ﬁ]le g}r%\{ Oééi’ \ﬁfgerem &eﬂf@%ﬁ%ﬁb@#&@ﬂaﬁm one or
i nf é‘i“?rSFne(ij@ 2\ mﬂ VLL-1), a right lateral
ventricle (VLR) having a body (VLR-B) and an inferior
(#enpangthgd pegording|tr-any, ongnok %Iheepfle m%&%@%»sﬁ'h@‘fe{l%&)e step of
a pasfiemgonultiplni Qburmpipe)dsfining caclR¥ ayp predetepningd plane.
(MSP), the nethod conprising the steps of: 1)defining
mal t ipnesthiceighasasding to nldmesd whit€ln) tHensteh efi defigem; multiple ROIs
2) debipriags §R8AinRdald §rédtt%ﬁh1lﬁe@ atdne RO e 31 @r ewbimg] orientation to

| Mg astiiite\ueddkdrat Wil regions while correcting for
eakages Into extraventricular space; and

.q

= O

ﬁé od1 %&Bﬁﬁng Fonélfﬂnf ! ?ﬁer%%gthg URp %f%%ctl 1J predetermined
deflqn } opip e Sl tiéﬁﬁ Ass Sg&ﬁ ft ?thebodyofgie
gr ov@Pﬁéa JERiigGea ?ﬂ thg pogly of ggg }ﬁegp W%c er%gg)gglses e

of &%8MSird ventricle (V3), then to one or nore

of t(Apselentingh thentqarenad mlane, (VM) t RS flﬁ%ughef e anterior
and ri gbmmissnta(A€)es (VLL and VLR) for controlling
| eak@yeelecting 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.



and connections. 3. A nethod according to claim1l or

2, wherein the nethod is perforned fromone or nore
wore@iozi359 magi ng nodal ities. 4. A nethod accorBPCT§G2003/000043

any one of the preceding clains, wherein the step of

defining multiple ROs conprises defining each RO in

a predeterm ned plane. 5. A nethod according to claim

4, wherein the step of defini multiple ROs

conprises selecting said pre erm ned plane to be on

a coronal orientation to constitute a coronal slice.

6. A nethod according to claim5, wherein the step of

selecting said predeternmned plane to be on a coronal

08. entmdéthat atardiagstesslaent?, ofhexeini the gézesfoft e BOdy aod reduced

t he latk@fly ah@temally.ventricl e and/ or the body of the

right lateral ventricle conprises the steps: (1)

58! o€ efifhdtdiEorRs ahy BhAER:14iMAG) o BRGAERM ATisArElhdtd3em.
anterior connm ssure(AC); (2) selecting the initial

L?@P%‘a ‘fﬂo%hs@gdm%éﬁ‘dﬁﬁﬁ’fgf HHES BB RAFRER &pFnd Ssmm.
t ﬁte{%al V?{]t A y%létpg (pe?r]rfup{ %/5 ‘é(hergﬁldtha (Wl]? 108 %he bo anore cerebral

[ AC, VeRimicH reg;\mrcgnmnsganle,pz meTg cornmal slices co sed of pixels, and
al t evhangint the $ten I sslecsing swaifl @mdetﬂn@ér@é lﬁge Jaser) ogna coronal
desiariedtatips tfoy assnssrmnnstotf iapuiniage ofi the infetier onsof the laft lateral
met hetrivde OVHLIY ahdloc Hei imfGior iiver ef theeright hatpalcventrigle §VLR-I)
of tdaenpReksthe stepanst ant. WO 2004/ 077359

F’CTll %ﬁ@ﬁﬁ @&Qﬂ{ﬂ slidds l?etwéerﬂm& Renalcslacdp3ging @hrobigh e anterior

e K@F i thbecleAa plhse N dhrough the posterior
Iater :!”];jnls (SJ ly. 9. (}A nmet h%ld agcaor I ng tg any P

o ne %1&”5110 z%ﬁta?%ro%eeét%ylegél of ﬁleaiﬁfégi%g 8%1‘6‘% V\ﬁl%e ma%e of the

one of cla erel

n2|s 8 li’lmﬁ °11. Arreth or.di | ai,m

wherP&i et Hgmgrﬂag@gmafahbﬂ%e St op BTPEEuRRAaPaf AR Bteral-most
vent r |1@8h§1@n?1é1§¢6%§°¥?dﬁ%¢?‘§é%t’ one_or nore corona

sl i dpsmeasupng tedliganasi e the tgmporalpenede ﬂletrﬁglsw%l rdgne (MSF);
sel &3t dimiglingthd distande inchalf Wecteﬁpb amaidpeinbandugengidedng thag midpoint
ori entatpodat ‘bYr assessment of an image of the inferior

hor ) odiratvitey aeROIliakEathe dvaaisions|i® £ Wblin Irpfependé oo thehmidpoint
i nf er | g §Phikht Ohe tdABrdih B ateal£r2h7 (& nylml BtefMlsRahd (a, atnd)
conpri ﬁl?&%ﬁﬁﬁwﬁ&%% andt 734% Edikiafl@; &pr onal sl ices

bet Besant eri or
ssure Wﬁ ﬁe co ﬁial?}g %S%g‘%g}?gﬁ ﬁ% t hr ough
ost S dr aw
hgﬁlg ? ?f’rc8¥qcl?gg{nd‘jal lgl %X\?'é%ﬂ%% taﬁ%uq r| or pi xel
of the image of the _thi rd ventrlcle Vﬁgﬁr'ﬁ@)
i dént FIWM%AQCH@UP%%WH} oo, Fhghean tid Wb ont al
profile as the | ateral -nost
14.A method according to claim 1 wherein said ROI for the 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 n8 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.



hi gh signal due to bone marrow fat; 4) neasuring the
di stance fromthe tenporal bone to the mdsagittal

w@k@ne7BMBP) ; 5) dividing the distance in hal PCT/8G2003/000043

define a m dpoint and considering this mdpoint as

point "a"; 6) drawi ng an RO having the di nensions n6

X n6 in reference to the mdpoint "a" so that the

coordi nates are (a, a-n7 (a, a+n7) laterally and (a,

atn6) inferiorly, where n6 affl n7 are constants; and

7) maintaining the ROs for subsequent processing
unchanged. 12. A nethod according to claim 11,

wherein n6 is around 20mm 13. A nethod According to

clai Amkthodracd&dingtte mey oné/of daims ddnid 16.0vmarein®. id\aroenédh 8 Smm.
according to claim1 wherein said RO for the third
VeRArh6hEd bd6)dihs tS6lhim OWheresall ROBFor phefoarth Wenthikle (V4) is set
sel mtshPigkal gngq, Isagittal plane (MSP); 2) setting an

| ni g lrcﬁﬁ ﬁllg laﬁQ 9 .posteriorly between the
2} §e e % Eﬁ’aﬂ)étx’ea? P‘@epC[A%H)] B dorsally
aI t

Y e§% E? ar% const t< ed

desstd Wgtt%@ F%op&?@wﬁ B?I? P v% FPY Craynad line srartiyg at n12
met hoPOSISEISF 4P g mesisrouferign foanes fnlbeROLLo pisephhe ROT
RO s a]bél%@b{u‘é’b@ewz 1%%%@11’%% superi or boundar y of

t he 4RGimitmgethi anfargpostesior parteaththe BOE drydilvaying the ding, from the
14 or ihferoasterioricornes of sheaROViral ticOmdpoin® cfobd /poFtede0limit of the
PCT/ SGR003h800043 28 17. A nethod according to any

one 5pfaletiak Mhe IROTP £3:6 subdguicdt Hroceskifig abazed o3 Yetired histogram

18. A ngtie lﬁp@gﬁﬁltﬁgl{tﬂs claim1l where said RO for
the fourth ventricle (V4) is set on sagittal plane

St LTS TR IR S e A s

g”nd dorsal ly betvveen [ PC, PC - nI 1], wher e
nI O and nll are_ constants; )@dvl mii n
s dpet sirshadaceardingprclam 8 1 Wmd}l ﬁ@uad PPma-
starting at nl2 posterior to PCto the
pB8ét A& muithideaccondingtorsay on¢ of ¢einkdA8 to@0bwhersin nlHds Round 45mm.
obliquely, where nl2 is a constant; 4) limting the
i N es aplddesdcordinstbtangfont bEc1RGAs llsytodhl awheagirt fie ik areand 5 mm.
fromthe inferoanterior corner of the RO to the

gp%, H{eﬂrﬁfd 5&61‘ k@ ahQronel ¥ tlahs bhe4, ROLS, ¥drehd the desired

CI

b 8isR th%ry &%{ﬁgtﬂmo ST haﬁlgc{o Qbhite matter
ﬁ:f Ihgg‘g’ af 18 af%ép ?ta[nd ggééb? ‘ﬁ%&%’lﬁg BSF : §a1d ﬁgarl?l are
SR G et alkills

24.A method according to any preceding claim, wherein the step of defining seed
points for within an ROI for VLL-B and VLR-B comprises the steps:
1) sampling the ROI horizontally, starting from AC+nl3 every nl4 distance,
where n13 and n14 are constants to form ample line segments;
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 following steps:



20. A nethod according to claim18 or 19, wherein nl0

is around 50mm 21. A nethod according to any one of
wW@b@iir7338 to 20, wherein nl 1 is around 45mm PCRRG2083/000043

nmet hod according to any one of clains 18 to 21,

wherein nl2 is around 5 mm 23. A nethod according to

any one of clains 6, 14, or 18, wherein the desired

hi stogram di stribution within gald RO s the peaks

corresponding to white mat t er 2 grey matter (GV),

and cerebrospinal fluid (CSF) |n sald hi st ogram are

identifiable with any existing peak detection

al gorithm 24. A nethod according to any preceding

cl ai Iy sattieg theR Olscfosthe VId:i-1 det VhRagos madtiple opnenal rflmes between

Wi t hi NVaC Rl VIRT, whdreiB theglavesRaB seleoimdi swsprobassat stping from

1) sanmglAmg the RO horizontally, starting from AC+nl 3

every [blaﬁtnﬁ’g ﬁfea(DSF ,reg1M‘ 8h hddoFoRd) &1ibd Betdfeen 0ONStaad 1VEPC having

tloformeq 3 ﬁﬁgﬁ{lts 2) calculating a profile

al o

PR e R ir??tot?ﬁg%%ﬁém SRl OshddE |

t i nt nthemddeo .the,se .

i g #@n&@ e oy SRR R sten it s fiying the seed
| OnmROIBig ﬁ@?‘ﬂ?&ﬂe € B‘in%to cl.aims 24 or 25,

wher Bi ﬁalﬁ‘lmtlﬁl% aqivekle SloRsn the 7linea bepyeea thee @BterPn gndoposterior

cl ai m tammisseresi(AG-RE);¢0ép of defining seed points for
VLL-2) derivining a pixeben thesA(E-lPéJ ling), mmgrayﬂ@\pg is ajgyest to the CSF
2004/ OfEahYakETd Sﬁﬁﬁﬁﬂéﬂﬁ&%&pmm 1) setting the ROs

for the VLL-1 and VLR-1 on nultiple coronal planes

bQ@V\ﬁelﬁethyd\gcc%?ﬂinyQ@clameHSeWheﬂehﬁﬂi@' Siesf @dfigetircdeed point for
a%mgsq arting from VAG 2) locating the CSF

regign sgﬂg%l RN ort onfly D §fa FYRCPRIEH &V P%r@aﬂlmﬂlstance
the a r el%l a?g Cor%Pa 18 )J & %% %%mtn £ 1?1% gx%@ﬁtm

at t 158 ch He
nmet h erei.n

st ep3)ofca1aexapﬁs 95; IF‘I*%é Sﬁ‘omﬁa ié%ﬁ?ﬂ?ﬂaﬁl&%tﬂi‘eh‘@k’ulmd
st eps: lengile g the PEavi an»pr ofile along the |ine betwee

t he #ntvdrendhe arldulpied lensgitio decreaspmios ot least qw@qbesqueﬁtnﬂwes select
2) det gherimiddlg od the elgesrC3HecgA@nPEs Ithassedvpniate wieeeynl7 is any
| evel icgn@hsest to the CSF nmean value to constitute

the seed point. 29. A nmethod according to claim18,

WY £ it c58:8me0h cHghi i Rlclhtnisaedrapaindnkor V4
conprises the steps: 1) sanpl ing the RO horizontally,

Z L%r %\fg&g{)&e %(;985&[1%&%1&%%29 3150, FhakfNER is ai’&ﬁﬁfl? Bh?

nts to generate a sanpl e 1 ne

se nt; 2) cal tin f|| each

e Aduien eccoufine B et Rgtihe 5 B opREray Hﬁ%ﬁmﬁi 2mm.
each profile and conparing the calculated le g1
t 8. @,rmqthgay ficeprding to any precedmg claim, wherein each “latera Sentricle is

grown in 3D space on coronal slices, slice by slice.

i’-‘D

34.A method according to any preceding claim, wherein the step of growing the

image of the third ventricle V3 comprises 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



4) when the cal cul ated | ength decreases for at |east
nl7 subsequent slices, select the mddle of the
WO 20vgesB3SLCSF segnent as the seed point, where PATSGH03/000043
any constant. 30.A nethod according to claim 29,
wherein nl5 is around 10mm 31. A nethod according to
claims 29 or 30, wherein nl6 is around 2 mm 32. A
nmet hod according to any one of _clains 29 to 31,
wherein n17 is around 2mm  33%% nethod accor di ng to
any preceding claim wherein each |ateral ventricle is
grown in 3D space on coronal slices, slice by slice.
34. A net hod according to any preceding claim wherein
t h® st eFoBing Vv iree Himersirmgewhdreinhmbtdgiond 1 e ptawrcAreriorly on
V3 con‘pﬁ@@@é slibes, stibysgion1) asdiisdbregidinnd) a¥ gidw® stigetlorly on axial
subr egi iess; ind Rybr8giand idgloyntiferipHR 08 xR 5I5deR Fro¥f e seed point.
VPC, AC-PC, subregion 1 containing the nost anterior
pals. AfmétodactobEhflo HORAERURG S5 wHRERIHR e of Srowine the
anhage bfth%*iﬁ}u’&%ﬁﬁ@lgf(v@) &%ﬁg@p{h?@%s; Subr g FpohBoving
cont ai : . a 0 n i ng . .
se{o)ar a{?uﬁ& Qgi :f té;éﬁ%’?’ Llll o%&fm ald, & i’ygg‘et al\plapg- passing
and thesul[% Pl ANES o S EF% ?%nfg‘é %lg;ﬂ;lngi_g?ﬁ {9 & 4régrerior to and
post erior F{g gxpt\%ng%-ap I %fl“gé‘b & plgngipgnd
suBr eqi SRYNE V4 on Xl sligss, dogeallxan sebrggign flrndegirally in subregion
pl anes,? S#4ng fse the gwial sligsmontamingythelseed prist. vent r al
part of V3 and being separated fromthe subregions 1,
2,36add nBthed acchrdingCtoP@yapetcediny/AlGim) ahein dotng\Be growth of the
200Ul-B7 2REYLREB r&i20) B OQEDSBcorting f@H10:MB8s M3tht Rxtraventicular
t hegien domprising s quakdeip@himabeife@doptpribed %%i% growing of a region

artelsw thelPC BIinfe@idF @Radtion! | ces, subregion
subregion 3 are grown superiorly on axial slices; and

SUit a0hethot dcSordf@WA dIAhE éé‘ﬁﬁéfeigﬁ%q?(ﬁi BLoShleeS L Iam,
' A 11 5 FOMPHISES gro in the area
gt GoC AL e o

prece
I pgge of .the fourth ventricle (V4) conprises _the
s ‘}’gi‘f’gg&?f@m RoPnyapteerding glgina.uwhetginofuring thengrowth of the
by Yl aagd V. 1{3{6&%@Sﬁg§ step gt cemgating Hon lnakages corppriises jnhibiting the
s @Bteegr beungaripg piy dienepromad shies to efnet witlp érd bountlaryasfthe ROI of
sUFeled{@wVIRilhcl uding the part inferior to the axial

pl ane; and 2) grow ng V4 on axial slices, dorsally in

s 3Br Aghethod acuoddiMRd Eich B4] WhEHRIRGISMhe ZroWROFHIVS region the
f rs@B:%df kRErraotindl fof Idak e QBARII tgx%u%ﬂ ﬂfesﬁg&n&ﬁ&lﬁhc tegmentim to the
dur g TR o Bl R L 16 LR B reotons, the
Pt SERE A BT 0 RS P
i nhi bi t iSE%:g Lg wnﬁgagpg YRYye dhan N ok the @il afghe previous slice
OpHIreedpn. A et hod according to claim

36, wherein Ieakage conprises gromh in the area

i nferi o er
béhi nd A methopaecesding to ki Sddwpeieitt daingthe BBwhAf the V3 region
niteh#ep af corditing foo leakpgew postetionly thiraigh thehRC gktalk of the pineal
dbedy)do theeigernabmbidhs domprived:- | and VLR-1 regions, the
step Df liadting teimigkif@in WRIAKk SURFf QMR ESBA olf SMirBkibh B%n an axial
t he 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.



anteri or boundaries on the coronal slice to connect
with the boundary of the RO of VLL-1 (or VLR-1). 39.

wo0mbpise accordi ng to clai m 34, wherein duri nBCT/BE2003/000043

grow h of the V3 region the step of correcting for

| eakages ventrally through the nmesencephalic

tegmenturn to the interpeduncular cistern, conprises

the step of: 1) hindering the dth of the foreground

regi on of subregion 1 on a co?ﬁnn slice from

i ncreasing by nore than 50% of the wi dth of the

previous slice along anterior direction. 40. A nethod
according to claim34, wherein during the growth of

t Ha. V3 A mgihod ac¢drdingtte slaih 3Sowhersin digirgothe |gsemgeishe V4 region
pdist siep of leyrredtinguiph 1¢dkegdCldrsipmbteriofly threugh iea supebiod yedullary
t @elufittothstieteria amBiemneommisepr i ses: 1) limting the

maxi MuURindedh tef nfn@begsd Udebaragidopixell cfube egirent axiaslice from

an axi §lcreadine®y 50% BRrOhakthat inf@e P%Wou%)shﬂ@iﬂ'\th@ iii¥efi@t direction;
t he di gfgnce betvveen the centre of gravity of t he

foregr B'i]ﬁjt gth%n g{ s l%% y § c%ﬁﬁiet o?st‘ﬁe fore ound
nanh e e e i ’
e R P RS SR, oot ot 1

4 mm WO 2004/ 077359 PCT/ S&G2003/ 000043 31 42. A
met hod according to claim35, wherein during the

gréwt h Aomethed Wfﬁ@% jt91Flalns, thefsin during th@ﬁr?wg‘ ¢fghe V4 region
| dlak sige of ¢orrsgppastosripakegss vantronesiericily thupnghi te inferior medullary
medlnnl 40 yhe vistenma toghiecayyises manintpiningnthe widthrafstbs: foreground
1)rediomofY# apthe heeralirdesseoless tharegroond 2 npnxel s of t he
current axial slice from increasing by 50% nore than

that im hﬁ%ﬂrﬁvbﬁ%dn%rmdﬁa@emﬁt QurkiRF cHinpEsink @8peating the

and f
ar avf’feﬁﬁtr@tﬁfé"t%?%gr el grOE Pl URE IO ol Bk

l i t El’rl ?(?Cﬁzdlfl% éo c?aé A%Wlbﬁ?%nat@g%teg 0 rép% 1%1& kD region
st E ’%’E“t"wr? ?8‘?"1 %segoglgﬂﬁsog%}gq@pgothpyln ensity rangs
t 17 %Fhetsﬁeth ugeiof the,gawm velumto the cisterna

magna, conprises maintaini the width of the ) .

f dhbegr @%mthqd@gp@dlrmftovhauaﬂgi waetein healarpwingaleibe inigrsity range
t kampaiseudmtresimg the #alua ofsht schlimg cloetdi ngint thezaqyation defining the
preesedizngngd af mtedisityt herstonprindi ng+s'gpeat i Yjg | Wherein m is the
I @finGfudl) BIVHEGmAihiind ahd owe rthg messh nglueandehe @Iferange and s is a

debfetd MRoPbetleakaasd 145. A method according to claim
44, vvherei n the step of repeating the region grow ng

VVI m?{é{ %%1%? AN e@%érg f tﬁfglﬁgg)&% %,etnlit@nsuy range
IB\HG I Vei ¢ ‘3? g 1ol gerfonmng the
O A g ﬁ@e E%lgt ik Mgkl 15 C'f? d

conpri ses decreasing the val ue of the scal | ng fact

5,45 thacpdeacroidingspiohingl, tthsteiy tltmtfﬁgot@@@ectmg the ventricular
i megioss VILL{B agd VLlna) compriset )] , wherein in is the
1) locating the lefimost inferior pixel of [VLR-B, P; ] where P; is the left most

inferior pixel of VLR-B;
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,
e find the minimum rectangular area containing all the foreground pixels
of the previous coronal slice in anterior direction;
e pass the rectangular area to the current coronal slice C

cur ’



m ni mum M the nmaxi rum and the nean val ues of the CSF
range and s is a scaling factor between 0 and 1. 47.

wo0mbpise according to claim46 wherein the naPCD86G1093/000043

of the intensity range is perfornmed iteratively by
decreasing the value of s, followed by performng the

regi on growi ng agai n and checki ng whet her the | eakage

is avoi ded. 48. A nethod accohgi ng to claim1, wherein

the step of connecting the ventricular regions VLL-B

and VLL-1 conprises: 1) locating the leftnost inferior

pi xel of [VLR-B, P1 ] where Pl is the left nost

inferior pixel of VLR B; 2) growing VLRI on a coronal
slice in e findtueaeedpoini foetite gray majterch dokienigngiblet drea, and extract
t he number ¢fe grey egattennhrouglyiregion groaving) iftthe @eed peint cannot be
than 1; if faek.or @ gy faiter & abit, goftd Mylfdr beuteifBicedbAnection;

L}?C: ﬁggg!r-:\f”n%e%egéfgh t@ﬁ ommm? dhe e lfﬁhqtep: éﬁl S
pass t he r e%&cgﬁgw& cp%llxg %M érgr? (cgb rtoegat ﬁ
Caur®) 9’6‘@%‘66691%0“ §his Toighan
seed poﬁ‘ o, doao SH;hié y@“, egnmeat the foragrotmdreagens dydbe following steps:
area, and, exdoaiChe Phhad g% pyxelmbi de forugenigld regiohanwhere P, is the
growi ng; if 1éfhﬁos$e§ﬁneppﬁae1 SR tpree fofeghmﬂdqregioheand P; is the
grey matter éiﬁn@s@ ior Eﬂef&ftﬁé 1dvRk fdteptotnd Righéh

onC

cur ’

connect i og; tracé{h@% M%@hﬁen@?%ﬁ&l? Ly of
t he grey matt(g[etr EtE he gi’own
regi

r
of 1O @5?0 ]P“é ? ?nigwner ﬁs <:1° Wﬁ&l“ﬁb%m rogion
not, g&nt @)3"10}1 e a sHgmiReRterion mF‘HPé‘q 6‘8 d’OP% ,
by t@ech@ﬂknwh@thgq Bpis o theogureat coponpbsiichy iipapty 9<é<P ) if s
on t he tfrovieage Berareriopnection/pedcesy?2 s the | ef t nost
i nf e7)i enfopéing thedfrutereragmpanection adwen eitkkrthgsesd paird i@t found or
i s t he thd @ty nastr supsmit;andpi xel of the | ower
f or egy gordding @gbeNfroM Ry radd ¢hd lag ghommetaion tofcotrpletq theyconnection.
matter between P2 and P3; o0 add the traced pixels to
the or ‘A"‘ﬂwfh%ﬂ'a@&brdﬁ&%ég REGK N heRE! BRMstdph¥T PHhERME the ventricular
grrgé’i@ng 99' 24 V3 JfRP g{‘r{én{aﬁgn YoM ah&9hO @ubr@%ﬁgn 1 of V4

i ’ous coronal ‘ e I'n anterlor direction

nect em_ 6 n .P |s on the
c urr é%tengﬁ‘)‘il’é’ﬁa’iﬁe gqr}ng%tloq i ﬁ ?L‘% %t 1560 % Y
term nate t K& KGrHnte SBRRLE P CB?%E@ g p}3€ le(z}‘b?"cqlﬁQOStenor
t he brut e- f or clifeidmeEaf 819 when either the seed poin
i s not foundblblocatitige thy eyosiesuperion piebsehsubrggigns) Of V4 (Q2)
form ng a coneadsmmingtbe domtiomés infegior ¢v therP(.dgiabthetmost posterior
conpl ete the cimferietpaciiof V34hd idneastsh axthadd®ifdi ng to
cl ai ) khedi@s @hBtheh©), $he Q,dHave tieid Igatidig if yes, V3 is connected
vent r | Giikiay 4, £RGhO BSTdh3 camtfbelidn Rftér@findtedli shi ng
segmentahh %t%ﬁfl?lg ANt SURELHORR & p‘?}fel ¥4 the axial slice next to

COMPTT SRS teference slice A, in the superior direction, the reference slice 4, being the

axial slice with Q5;

4) growing a region on the axial slice next to A4, 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 A, ; 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.




1) extracting the connection in the superior direction

by: (a) locating the superior connection starting
wWERoel7382 ) at the posterior inferior part ofPOUBSGLU0}/000043

| ocating the nost superior pixel of subregion 1 of V4

(@) assuming the location is inferior to the PC, is

at the nost posterior inferior part of V3 and is

nearest to the MSP; 2) checking whether Q and @ have

the sane location; if yes, VB3gs connected wth V4,

and the current connection is termnated; 3) if no,

determ ning a rectangul ar area around a pixel on the

axial slice next to the reference slice ARin the

superior direction, the reference slice AR being the

a$0.aAnsdpparatusl driangld tot perdsrank ngethod agpoeding o tahe dfxhalpreceding

Skiags.next to AR in superior direction; if the nunber

of pixels grown is zero, go to (7) to force the

cqQmnnegti.on: j h r ' : :

cgégﬁﬁg,%aﬁaﬁ’% RASEIN do NRER1SG, MifioR, M RRIAD I & compuiing
t grown region with the subregion 1 of V4; 6) adding

t grown region into subregion 1 of ,V4; assignjng.the
cgmﬁ?ma%%ﬁmgan} eyl Gqmpsiia omputer Jjrp G, strictions Yeadable
| S¥ ot GOMRPHIST RPRMAWEL OoFRYSP B COMpYiich PP ipeperform a method
c Beaeading fryany offheipropedipg plaimie axi al pl ane in the

superior direction of the grown region and make @,

t B8.A Rethodef qgentifyingahe vantriagpt sistern by bountisgftbe namber of voxels
c ofitheoichiiculab yystan skitketédigy 4 methb® aé clamaahinany recellingelaim and
asnuHihl9ing FKIB e61int O voX€ vigAé. 077359 PCT/ SG2003/ 000043

33 50. An apparatus arranged to performa nethod

according to any of the preceding clainms. 51. An

apparatus according to claim50, wherein the apparatus

is a conputing apparatus. 52. A conputer program

product conprising conmputer programinstructions

readabl e by a conmputer apparatus to cause the

conmput er apparatus to performa nethod according to

any of the preceding clains. 53. A nethod of

quantifying the ventricular system by counting the

nunber of voxels of the ventricular system extracted

by a nmethod as clained in any preceding clai mand

mul tiplying this count by voxel vol une.




