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Field of the Invention The present invention is
directed to a nethod and appar at us for-exL#aeLan————————
third ventricle information of a brain fr
t hereof . Background of the Invention Magn QM‘ "Wm
Resonance Imaging (MRI) can be used in di
various diseases in humans. The nost inportah%ﬁwf
property to be considered in MRl is the stinulation
of 1t hehbBsuRs Whbhrtak IFVE dAlliAG THRANPLGY TRl RIS RS
at defrnrte trme rntervars and tnen to detect tn
resul tant echoes. The precise timng of the RF pul ses

'.s viftﬁll i nportant for good imagi ng. The RF pul ses
f%‘éé—%é—%%‘é%ﬁ?é& at a certain rate (TR) and the echoes
- TR pRSs e lifeditfbnals éxre&t@ﬂttg 8 theffod Eﬁb a Lffb?afu‘zé' i &&racting
time lengths of TR and etermne t pp _
thisd ventriste infarmationeoftanbrain fone imageatheradf.on. The spin
echo pul se sequence is the nbst commonly used pul se
sequence. The' pul se sequence timng can be adj usted
BarkgrothdIdrtheiighmfbn Proton or  spin density, and .
T2-wei ghted i mages. The two variabl es of i-nterest in
Magnetice Regoranerdmeging MRIR. cBR amdus;ed inl Hiagposisechwvarious

BB e T Py AE BB e

tihe sé.tmnmlaffcfh aﬁdtr@mssuérammh I rarfiuée radibliré@icHbye (RFUfses at
ve a proton density

dlaeﬁﬁg%% %%%Rt"ﬁ%tq sﬁ%ct th@;j ﬂelsuﬁalvfeeghqq& The precise
tuﬁ’ﬁh%@f ok 'Fﬂfaﬂﬁlsegl iyl \ﬂtaﬂgt r%?‘éﬂtaﬁg férngc%& PBgIEC THE ®F pulses

Is a type of Ion reco
can be repeated at a certain rate (TR) and the echoes can be detected at a

certain time (TE). The relative time lengths of TR and TE determine the pulse

sequences and hence the tissue visualization.

The spin echo pulse sequence is the most commonly used pulse sequénce.
The pulse sequence timing can be adjusted to give T1-weighted, Proton or
spin density, and T2-weighted images. The two variables of interest in spin
echo sequences are the TR and TE. All spin echo sequences include a slice
selective 90 degree pulse followed by one or more 180 degree. refocusing

pulses.

A short TR and short TE will give a T1-weighted image, a long TR and short
- TE will give a proton density image, and a long TR and long TE will give a T2-

weighted image.

Fluid attenuated inversion recovery (FLAIR) is a type of inversion recovery
sequence to give heavy T1-weighting. The basic part of an inversion recovery

sequence is a 180 degree RF pulse that inverts the magnetization followed by
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seguence to give heavy Tl-weighting. The basic part of
an inversion recovery sequence is a 180 degree RF

womobs@24at i nverts the magnetization foll owed, ck"ly’%%%ggoozoz
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WO 2005/ 002444 PCT/ SG2004/ 000202 2 a 90 degree RF
pul se that brings the residual |ongitudina
magnetization into the x-y er transverse plane where
it can be detected by an RF coil. The time between
the initial 180 degree pul se and the 90 degree pul se
is the inversion tinme.(Tl). The spoil ed gradient echo

ey TE.and TR a
4 56 H8lte B Sasedhet BHGEs M8 remluabinebianay mradastigation info
the P/ bl It’raﬂ@gér%eq:flané Wﬂwe’?@'lpéan Btéed%ﬂebfédaﬂ)gbﬁ RE coil. The time

usual ly at or close degr ees
betwieemndfe butlalc'lc&ﬁwdﬁgryee\mﬂas@andvtbe 80 degrge mﬂlsab@ﬂte version
f'%@q degrees with gradient echo sequences. The
' e}' tip angles give nore T1 weighting to the inmage
and the smaller tip angle give nmore T2 or actually T2*
ghting to the inages. The size and norphol ogy of
Thﬁeswlﬁdograémnlt ieche resoverpSPGR) saquense bas the same TE and
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thenspins. §'herﬁ)plraﬂignglst ussalgsaver bibsal f0egt dis Pseémﬁea 3ffh echo
orientafion. siylesnon in the brain would cause nmss :

sefyeRGe RHCammARlY yaripsOvge Rceandeeobabeut 1 toBlotiegriees with
a
RN SR T hoe ST ThY HREE P HEREE bR TR Eighgg to the
inedge Redtthe rathallentipi arigde igivek more T2 bs actdeily IT2*agdighting to the
As there is mass effect on one side, the third .
"‘Qﬁe‘?ﬁsn cle would- shift fromits mdline position and
its long axis would al so change with respect to the

symetry plane of the
The size and morphology of the third ventricle is important in clinical
patho!ogy. As the third ventricle is situated in a very critical part deep inside
the brain, any lesion in the surrounding tissues would affect its shape and
orientation.  Mass lesion in the brain would cause mass effect and directly

influence the orientation of the third ventricle.

Early intracerebral haemorrhage is difficult to visualise on CT images. The
orientation of the third ventricle is key in its identification. As there is mass
effect on one side, the third ventricle would shift from its midline position and
its long axis would also change with respect to the symmeiry plane of the
skull. An efficient way to extract the third ventricle plane would facilitate the
identification of the early intracerebral haemorrhage and localisation of the
two landmarks, namely the anterior commissure AC and posterlor

commissure PC, for spatial normalisation of the human brain.



skul . An efficient way to extract the third ventricle
pl ane would facilitate the identification of the

we@aoosol4mt r acer ebral haenorrhage and | ocal i sat 1,8{1/885%8000202
the two |andmarks, nanely the anterior comm ssure

and posterior commssure PC, for spati al __

normal i sation of the human brain. WO 2005/002444

PCT/ SG2004/ 000202 3 The sizezand width of the third

ventricle are also inportant clinical parameters. The

third ventricle may be enlarged in either generalised

or localised hydrocephalus. The usual cause is
|viusl., Patients with

. duct of. . S
AR End Wil dBE B eBia e R A dpsriana ol nigad rarameters.
depr esied Qfthtridlay thali GRr éﬁ@r@@ngtéikﬁﬁﬁené%is‘@ddﬂﬁ Rlalised
the third ventriclée better reflects the™ degre€e of _
Bidracephaius. ddhecusual leausehis bleckage yofofhe aqueduct of Sylvius'.

S R, R R kB
Pase agdsr. thindi \idritfidlesTe TRROF e lof itske phikd )(/bﬂﬁbcqsé‘e Better reflects the

bove- nenti oned pathology conventional |y .
3@9&% ef ehglinaraist agficihthapstie seveityooti bistopathslogital changes,
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Diseass®gnent ati on technique to at | east one of the

Eﬁégﬁ‘gi It f'n‘ggﬁé\qéodf% 1? :’%@%Whé \Ig%glr n gQﬁe/:@)lé!;@nti@g?@nspathology
é&\@nﬁgﬁalﬁﬁ%é VEHSiElcAlSimantdRbROD for non-invasive

i magi ng-of’ an anatomc ~ tissue structure in isolation
fromsurrounding tissues based on live-wire.

e RISt o ik daatas MsiheR AorpeRtom: B identifying
dhapedterh lesimidenes ibeaih Hﬁé’éﬂ"drﬂghé’faﬂ\ﬁc_aﬂbﬁe&éf a segmentation

intensity histograns. WO 94/14132 descri bes _ ‘
tRERNIAKG 49iatdeashang Af the maskiedalsprges tes classify the varying pixel

intensities and differentiate hyper-intense regions.

US 6 205 235 llustrates a method for non-invasive imaging of an anatomic
tissue structure in isolation from surrounding tissues based on live-wire

segmentation and boundary definition.

- US 6 208 347 describes a semi-automated method of MRI analysis based on

mathematical modelling of MRI pixel intensity histograms. .

WO 94/14132 describes a non-invasive scanning medical apparatus for .
generating an image of at least an interior region of a subject to be examined.

- The correlation of previous data to the scanned image is determined.

Methods which utilise segmentation techniques can run inio problems and/or

fail when there is a serious inhomogeneity and/or noise as such systems are



gemerating an i mage of at |least an interior region of

a subject to be exam ned. The correlation of previous
wodadsaota+t he scanned image is determ ned. Met iQAsscib£080202

utilise segnentation techniques can run into problens

and/or fail when there is a serious inhonbgeneity

and/ or noi se as such systens are WO 2005/ 002444

PCT/ SG2004/ 000202 4 hi ghly vyl nerabl e to noi se,

i nhonogeneity and various artefacts such as pathol ogy

(which causes the | oss of anatom cal information). The

pr esent i nvention ains to substantially overcone or

&l orate t;lhe above- nenti oned.probl,ens .and %{1
MaHY, VURErRbIS tq PG af THOBIOGaEW ARG VaksNs iat1saie | such as
é@tﬁblbg&%hﬁl&%u%nﬂ#eflbgé‘bf Qﬁ‘at‘éf'mé‘éltlﬁfﬂrﬁ%\(loHZhe et hod

according to the present invention allows t
anatom cal know edge to be inplicitly incorporated in

_ ﬁgpl r%%? l l ' eerpmtlreég n&]ﬁélf&ﬁ{}%tl?ll'y pg\(enf:te&%glor ar%ehorate the |

AVEQNBRIO NS p&ﬁﬁld@ﬁ@\érﬂeﬁ]é%sh%meﬁwflthké' WRith of the third
anatomi cal structures. Qther areas of applications

vandicieavith tagilsate hengentficatioswnf pathejegy, neur or adi ol ogy
" and brain research. Summary of the Invention The
invention is directed to a nethod and apparatus for
- quanti fyi ng the third wventricle wthout segnentation.
t he extractlon of the third

nd s Iy,
ﬂ'l?n @f’ﬂldalra%gp jBgatel B8 dueseitoinvsintione akiowsh the am@omlcal
kﬁ'n'?)\/\ﬂéjd 2 e ?h?h&flwr?l%trgﬁr%@d‘motrheqmﬂerﬁ %‘rﬁblfnﬂ scheme

neur0| ges oug I"i'gent " sanp
anat om cal structur es ar ound the third ventricle.
cor %a; a a flrs ect ,of the Bresent i nyention
gp S anRnlicalind ik gaedigh MBaingo T Rgrtiuigrgneuroimaging
amnpnrdwd& walyer fot eantifyng é\f‘iﬁ@ﬁficaﬂfst"lludé’cUDlﬁlfsSll | t}thef areas of
axi.al . slices of a third ventricle of a brain having
a@ﬁh%ﬁ{ms, ipeludermgweinfermagiicsa neurosurgery, neuroradiology and brain

research.

-Summary of the Invention

The invention is directed to a method and apparatus for quantifying the third
ventricle without segmentation and specifically, the extraction of the third
ventricular plane and calculeﬁon of the width .of the third ventricle of the
human or animal brain in neuroimages through intelligent sampling of

anatomical structures around the third ventricle.

Aceording to a first aspect of the present invention there is provided a method
for extracting third ventricle information from images of a plurality of axial
slices of a third ventricle of a brain having an anterior commissure and a
posterior commissure, the third ventricle havmg a third ventncle plane and a

width, the method comprlsmg



posterior comm ssure, the third ventricle having a

third ventricle plane and a w dth, the nethod
WOEERRE02$44ng: WO 2005/ 002444 PCT/ S&004/ 000202 Pc5r/$620'04/000202

determining a third ventricle mdline for each of a

nunber of the axial slices; b, determning the

orientation of each of the mdlines; c. generating a

hi st ogr-am of the orientati onssof the mdlines; d.

determ ning the peak of the histogramto provide a

peak orientation; e. selecting the mdlines having an

orientation wthin. a predetermned angle fromthe

" G BEEAULRL Behirch B KA 5oL K of e ava
- ori engmidson within the predetermned angle fromthe
Beak orientation. Preferably, the step of calculating
he t &etedmirdng the teeptadios of @gehi afdbe naidlines;at i ng t he

| east e fif. plan he, m,dl i nes, havi ng an

6 1 ond 8t Blfod bisfodta St MBS EN, « ne
geak aeicemirdhd oe ﬁbﬁk f feeh RIS FHNEIOOGVIERNS Febh ®righ&fdion;
of . calculating the third ventricle plane further '

eonpr salesting jthe caidinest hagnghan rergntaiieniwithimce rredetermined
the | ' P he mi dl'i nes. having an
orien @?'%Jmﬁ'ﬁﬁipfﬁbh?gleﬁ% ent’%rnrari ned angle fromthe -
peak calcelatingi tie third) vgriieleatplage afrbirstthgr aiidiplest having an

maxi mum di stance . of the.m dline havi ng an . )

o R BIOn R e Bres BB ARGTE BAT Bermesik aipstation.
peak orientation to the |east square fit plane, (iii)
~determ ning the peak of the histogram of the nmaxinmm
Breferablie the step fdcalestating the thembstvesdideleepfane comprises

gélglﬂgting the least square fit plane of the midlines having an orientation
within the predetermined angle from the peak orientation.

In a preferred embodiment, the step of calculating the third ventricle plane

further comprises:

Q) calculating the maximum distance from the least square fit plane
to the midlines. having an orientation within the predetefmined
“angle from the peak orientation, | |
- (i) generating a hiétogram of the maximum distance of the midlines
having an orientation within the predetermined angle from the
peak orientation to the least square fit plane, |
(lify  determining the peak of the histogram of the maximum distance
of the midlines to the least square fit plane,
- (iv) sélecting the midlines lying within a predeternﬁined distance of
the peak, and _
(v)  recalculating the least square fit plane using the selected

midlines to generate the third ventricle plane.



(iv) selecting the midlines lying within a
predeterm ned di stance of the peak, and (v)

wOo Ro8dpwsati ng the | east square fit plane usi %f/?@zowooozoz

selected mdlines to generate the third ventric

plane. WD 2005/ 002444 PCT/ S&004/ 000202 6 Preferably,

the nmethod further conprises calculating the width of
the third ventricle, by for exanple, determning the
axial slice having the anterior conm ssure and the
posterior conmm ssure, determning two |ines parallel
to the third ventricle plane in said determ ned
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bentitiE, ybpdonas@nigle, ideksenme the | SqaNgic Saviwg t
and cal culating the di st ancg@{)etvveen t he tvvovrggc“rS tﬁé fanterlor

CPRWRISSWE; %qui”%ﬁ RAEIETIRE icoNMiasHES cdrtatmnngf twot hrees paranel to

t f h nt I th
m%jetblrrn@n\(%ﬁﬁ%l ng% r vgeérllI r:%lcelterhﬁ'{'%ﬁi%é&éf ot ga olf’n%F being
tangeatiabto tthe iendigs osSItheetrﬁrd venpidises £l cdlicat tdandiBste the
a_searching |line segnent, the

| d
- Lﬁﬁ(j'?%af\\’/e%? e@ e Hri]% chﬁéleﬂtﬁq{@ 3Nk Gsenrreafiely anchealculating the

gReRR bdthRknAS tWa %I”ﬁ’ﬁ%s! %%?%)dﬁé‘ﬂ?eb&gmgl e )F%§eé'ggtlve of

| ocal symmetry |nde

Hecwiddh ﬁ@thedhtrde/entrmle OW ng:

JIs(x,y,s,,9)Ixlsi(x,y,s1,6) = EDfQGExs, Ys, Si, k)

(x,y)k s s where: Ils(x,y,s;,0)l is the |length of

Prefe sy, Qhéf&ebléfedé@%ﬁﬂﬁ th§ Mdyvéi'tﬁéle' r%lcwﬁ% for each of a
searchin i ne segnent of voxe (X,¥,s;

_RIERp ghpﬁgxe axial slice s; comprises calculatlng the local symmetry index of
a searching line segment, the third ventricle midline being the searching line

segment that has the minimum local symm'etry index.

The local symmetry index Isi(x,y,s;, 8) may be calculated according to t-he

following:

[ls(x,y,8:,0)|xIsi(x,y,s,0) =% ¥ DifG(xs, Ys, Si, K)
(Xs.ys)k_

where;

[ls(x,y.s:,8)] is the length of the searching line segment,

Is (x,y,5i8) is the searching line segment of voxel (x,y,si) with the searching

angle 6, and (x,y,sj) the éearching point,
cos (90° + @ ) is denoted as c904,

sin (90° + @) is denoted as s904,



angle 0, and (x,y,s;) the searching point, cos (90 + 9

) is denoted as c909, sin (90 + 9) is denoted as
we08/00M0 2005/ 002444 PCT/ SG2004/ 000202 7 fabﬁcf/g&ii}%f/ooozoz

k x ¢900, ys + k x s90 B, s;) - g(xs- kxc900, ys -

s900, s,)) is denoted as D|fG(xs ys, s,, k), yvher_e

fabs is the absolute value function, the contribution

of voxel (xs, ys,si) tolIsi (% vy, ,si, B) being:

DfQ xs, ys, Si, 0.5 + DfQxs, ys, S!, 1.0) +

DfQxs, ys, Si, 3.0) + Dif xs, ys, Si, 5_.0) +

Df3(xs, Ys, si, 7.0). In a preferred enbodi nent, the

TH68.60 TR I8 408 & LG i o ISR o & x 5900, 5)) s
Q:tHﬁb‘te@%& D.@G)(xg Clél R} 'Wﬂer‘ehm%b’é ng%ef%] ﬁéluyfﬁn%pon the
voxel : he axial slices ere t

\F@rﬁ'ﬁfibltiioé Qfslopieb@e,rus,$moristh<at}/, ‘6id sbaiogel 's y co-
ordinate is the nmass centre of s; y., and (x;, y_c, S,)
is on the third ventricle plane, that is X; -(d + ¢

DIFG(XD, W, s.) baﬁ) WID?F@(XQ ay B, 100) w)n@(st, (c,g%r(ﬁﬂ leG(xs, Vs, Si, |

vector_and i's non- p03|t|ve const ant
&e%#d?'f(ﬁ@(sthess@eﬁ)chl ng |ine segment from (xi,
s,) such that the Iline segnent is on the th|rd
ventricle plane and its centre is (x; yC, .s); (3)

-¢rabqnéﬂﬁrrerdgembedmv@ﬁaﬂfé SepYof Y& MiANG thefaid%ice having the
r chi ng} |ine segnment; (4) conparing the average :

ior SoRMIgSre ard the ppelesint camimiss\wel easeprses: and |
det er m %é@l'ég?g ﬁﬁeﬁl -%)*Cﬁﬁatgal%l tHg. \}Olg(g 2r}6€?gfoé|ig%la§'al slices

conmmi ssure an eri or comnm ssu

the st epNMredﬂTeelthmrd]NEJ]tmdfle axprdsent igtehhthdtnthid %xels y co-

anteri Orordma’ce is the mass centre of s; y¢, and (x;, e, i) is on the third

ventricle plane, that is x; = -(d + ¢ s + b yc)/fa, where (a, b, ¢) is a

unit normal vector and d is a non-positive constant: _

(2) generating the searching line segment from (Xi, Ye Si) such that the
line segment is on' the third ventricle plane and its centre is (x; Ve,
si);

(3) calculating the average grey level avg; of the searching line
segment;

(4) comparing the average grey level avg; for different axial slices s,
and determining the axial slice having the anterior commissure and

the posterior commissure.

Preferably, the step of determining 'the axial slice having the anterior
commissure and the pbsterio_r commissure comprises for T1-, PD-weighted,
FLAIR, and SPGR MR datasets, determining the axial slice with minimum
ave.rage grey level avg,, and for T2-weighted MR datasets it preferably

comprises determining the axial slice with maximum average grey level avgi.



conmm ssure and the posterior comm ssure conprises for

~ TI-, PD-weighted, FLAIR and SPGR MR dat asets,

wodebRsoiai ng the axial slice with mninum aves@ge:H69000202
| evel avg,, and for T2-weighted MR datasets it
preferably conprises determning the axial slice wth
maxi mum average grey | evel avg;. W 2005/ 002444
PCT/ S&2004/ 000202 8 Accordigg to a second aspect. of
the invention there is provided apparatus arranged to
performa method for extracting third ventricle
i nformation from inages defined above.. According to
a third aspect of the invention there is provided a
Ashiing BB E5rRih s Bsripreator sl B, Aaparatus
drfé?s?ﬁa@lctto' P&fore aflakdiRodMoP exfraBIHY BhirdRRALRIESnfofmation from
cause the conputer apparatus to performa nethod -
intapencefiabdebov@ri ef Description of the Draw ngs The
present invention will now be described with reference
to the sole figure, Figure 1, which is a flow diagram ,
AdcbEsihg abl AGhlrAeasieRSof theOl@ptibA Beradli§oslolidd a computer
according to an enbodi ment of the present i nvention.
phegran prbducto¢ommpesingr edmphtesdpragnas Meirustiops readable by a

BT dhnd oy, B felsh e cRURT He et iR S method
definEd aoeel. The nethod of the present invention,
w |l be discussed in nore detail after a brief

di scussion of these steps. G ven the radiol ogi cal

i . i i d ti dth
RO bue ebRiler corslderation and he

Tihiei preésephinveniien wsll poesies destiitee nithereseregcettethe sole figure,
il lustrated.in_the flow djiagram Figure 1 are as )

TP ol MICTSisem flpw dipgrama dl ReBNBiihe s b nin alagrithm

2SEHERTY fo aRentlddidknt Beth@drakest inG8ation. -

Description of Preferred Embodiments

The steps constituting a preferred embodiment of the method of the present
invention are shown in the flow diagram of Figure 1. The method of the
present invention, will be discussed in more detail after a brief discussion of

these steps.
Given the radiological images of the brain under consideration and the
starting and ending axial slice (s, and s,) where the third ventricle is present

the processing steps illustrated in the flow diagram of Figure 1 are as follows:

- Step 1 — extract the third ventricle midline segments for all of the axial slices

in between the starting and ending axial slices s, and s, inclusive;

Step 2 — remove outliers of the extracted midline segments;



I ntbetween the starting and endi ng axial slices so and

sn inclusive; Step 2 - renove outliers of the

waexws/eeted mdli ne segnents; WO 2005/ 002444 Ecmgcﬂmymmﬂn
PCT/ S&004/ 000202 9 Step 3 - calculate the thir
ventricle plane (PV3) fromthe extracted third

ventricle mdline segnent inliers; Step 4 - find the

axial slice (APC) in between ghe starting and endi ng

axial slices so and sn where the anterior conmissure
(AC) and posterior comm ssure (PC) are present; and

Step 5 - in the aforementi oned axi al IsI ice EAPCL. .

L, n ar al to the thir )
SRS gt il 3Rt B s Foin the eatracted third
v@ﬁhcleqh@,hnetsggmgrﬁq,g@@ between themis taken as the,
width of the third ventricle. A brain dataset or -

olune is represent ed as a stack of parallel two-
st §RdIthg | axialsslicehé R G tfebatwmrsrthmazltamogmmi esding axial

ted Val yA and z bei th .
%gggr P ngﬁgsgét w\%er%I ih(ex\,l\éy',%t?f'.orl ﬁoﬂﬁri"?,s‘ér&ség%&): éS’ﬂda'rﬂPSt':"“or
@maissune(POeged presentitager s satisfying 0 x Xsize, 0y
Ysize , 0 z Zsize where the z co-_ordl nate is constant

t
SR R e e ana] el e (P daeete oS dundnanssomens
pHtallding thadhird endidie ‘?o?ané éP\tIQf?ﬂ{l tghﬁgﬁtlaﬁ GRRL QIglede yentricle,

orientation is coronal e axi al
tae distancabatreaythesois taken ¢ thlae/vldth of thal third vemeridy.
reordering its voxels. The algorithmof the present

Y A, OB eSS 700 28 T Mt

dwmensnmtaeSmspr Eﬁerthra:r gimenserarvauRRdis &@b{otea' é?é Vol (xy.2)
ice in denoted as s;,

Ik aP%%efé‘%nggg@ss gﬂ%?gwaéﬁs 8l yor! 45 yva! | Inaﬁua hes@;m an and z
a$é iR -MEyHIRE mt@@%r&’ééb{sfrgin Vel \ﬁf %, é ¥ %e‘us z

denot ed as m voxXel
Zsize where the Z Co- ordlnate is constant on the axnal shces the y co-

ordinate is constant on the coronal slices and the x co-ordinate is constant on

- the sagittal slices.

If the original scanning orientation is coronal or sagittal, the axial slices are
obtained by reorienting the ‘original volume by reordering its voxels. ~The
algorithm of the present invention works on the axial slices. The beginning
and ending axial slices sp and sn Where the third ventricle is present are
predetermined. Any axial slice in between s; and s, is denoted as s, where
si itself represents the axial slice as well as the axial slice number. The grey
level at voxel (x,y,s;) is denoted as g (x,y,s;). From voxel (X,y,si) numerous
line segments can be drawn within s;. The line segment is denoted as Is
(x,y,8:6) taking (x,y,s) as its centre, with the length of line segment being a
constant L (for example, 60 mm) and the angle with respect to the y axis
being 6. Is (x,y,si0) is called the searching line segment of voxel (x,y,s;)

with the searching angle &, and (x,y,s)) is called the searching point.



i me segments can be drawn within s;. The |ine segnent

is denoted as Is (x,y,s;0 taking (x,y,s;) as its
waeen/e444M th the | ength of Iine segment bei NOPEr/SG2004/000202

constant L (for exanple, 60 nmm and the angl e?vlr ﬁ

respect to the y axis being 0. Is (x,y,s; B) is

call ed the searching |Iine segnent of voxel (x,vy,s;)

with the searching angle 0, apd (x,y,s;)-is called the
sear chi ng poi nt. WD 2005/ 002444 PCT/ SG2004/ 000202 10

Step 1: Extract the third ventricle mdline segnments A
prom' nent feature of the third ventricle in axial

S at t.h thalarrus. re tter, GV) and the
i CSF) are

A Lﬁ?@ﬁﬁf&ﬂt%bwréydﬂfﬁé rtha! véMtﬁHerlﬁSébﬁélt sIFdést ||§lethtaf1 ltﬁed thalamus

ventricle mdline. On axi al slices, the
©rey dnaiden, r Gb)e andythse thipd merztoc!mn(@efebrqspm dﬂwdne@sx:) are

SRR AV LS8 AT 508 e "o s

sk thel leagth Jthbahind eehbfclé Mhay béﬁlﬁ td &40 eni sHhd ne wifith may
an axial slice s;, the local symetry index of -

ey behvagn [araend dgento i 10 ped tbhe gpotieeofithe third ventricle is
Qeéﬁ@'ﬁ}gﬁ{a sec%tnlt'rreeo?t AT%“%@ rd ventricle nidline

segnen oca{ € third ventricle

mdline. Due to the varlatlons in size of third
tricles, fhe tr i ndex shoul d sanp
TZ%F a@ﬁhéh%rew nﬁ“?fﬁ e g s aed lotisenail the mal symmetry
inder bf a s':e‘érrcfﬁmg [HEA; é‘r?c llSI (06 @%_ﬂhrel the énXto%‘ncaloﬁeatures
dex 9)

its I ocal try | nmeasur es

ajribg thede&erﬁyciﬁemrcymarsegment anEoﬂueéidwloaakeltheé >tb|,rdrs¢entncle
d he s archi.ng line seg t, a
Balipfi 5 s “Brioens Bpste P wedfigh, i Josal symmety
uedemmm@lsam bbhﬁthlelgﬂ@? RAROLTIAG dha ok @broSpinal Huidl (CSF
9) and passﬁ% t hrou XS, Ys, si) yvmthc t he dllost anlzl:le( )
tols (x,y,si,0) preferably belngOS 1 mm 3 mm

F%rnﬁ%gggaljchm GiRSP&SGhYA Ys &3Psi (PP its ?oeal SyiEaat S hdex Isi

(x,y,si,8) measures the grey level symmetry around it. For each voxel (Xs,Vs,
si) on the searching line segment, five pairs of sampling points at the opposite
sides of Is (x,y,s;,8) are taken on the lines perpendicular to Is (x,y,s;, &) and
passing through (xs,ys,s) with the distance to Is (x,y,s;, 6) preferably being 0.5

mm, 1 mm, 3 mm, 5 mm and 7 mm respectively.
cos (90° + 8 ) is denoted as c904
sin (90° + @) is denoted as s908

fabs (g(xs + k X 908, ys + k x 908, si) — g(Xs - kxc908, ys — k x s908, s))) is
denoted as DifG (xs, Vs, Si,k)

The contribution of voxel (xs, ¥s,si) to Isi (x, y, s;,8) is:

DifG(xs, s, si, 0.5) + DifG(xs, Vs, i, 1.0) + DifG(xs, Vs, Si, 3.0) + DifG(xs, Vs, Si,
5.0) + DifG(xs, Vs, si, 7.0) '



sim (90 + 9) is denoted as s909 fabs (g(xs + k x c90
O, ys + k x s90 0, si) - g (xs - kxc90 0, ys - k x s90
wWd200s092k44 s denoted as DifG (xs, ys, si,K) Theersc2004000202
contribution.of voxel (xs, ys,si) to lIsi (x, y, SsI, 3)
is: Df@xs, yS, s;, 0.5 + DfQ@xs, vy, si, 1.0) +
Dif3xs, Ys, si, 3.0) + DifGxs, ys, s;, 5.0) +
Dif3(xs, ys, si, 7.0) WO 20054002444 PCT/ SG2004/ 000202
11 where fabs() is the absol ute val ue function.
Isi(x,y,s;,A) is the average contribution of all the
voxels on Is(x,y,s;,0, that is, 1Is(x,y,s;
, 9 Ixlsi(x,y,si,0 =2Z SDfGExs, ys, s;, k) (xy )k
s s where Ils(x,y,s;,0( is the length of the
where fiby) ithe abeeneaaluB fohtlidireters  (mm) . The third
ventricle mdline segnent on axial slice s; is the
searching line segnent that has the m ninum | ocal

AR (S PEE erdOF B BRRRT ARl b€ vl JLiEEY S s
I"H(Q,lyi,ﬁ,@)lxﬁ&gg, ,rﬁte&f:{ﬁV'\@)Dif@xepy 25, Rerove outliers of

the extracte i ne segnents *The approxi mated third
ventricle nidl ine %ddfrents (ATVMSs) are processed in

BERShR b R B B S le
(lr,q}hzgr nati onal Patent Application PCT/SG2/ 00231, the
con

ent of which is incorporated herein by way of
reference. Firstly, the orientations of all the ATVMss

re..cal culated d a histogram.of = the, orientations is
i@?ﬁ Hl'#e\é?“t?ﬂs %@ﬁﬂeﬁgf’}?@? ndrsliceiss iskbessarehing lne
deyment that has the minimum local symmetry index. The extracted third
ventricle midline segment is called the approximated third ventricle midline
segment (ATVMS).

Step 2: Remove outliers of the extracted midline segments -
The approximated third ventricle midline segments (ATVMSs) are processed

in two steps, to remove outliers, in the manner described for example in the.
applicants copending International Patent Application PCT/SG02/00231, the

~ content of which is incorporated herein by way of reference.

Firstl»y, the orientations of all the ATVMSs are calculated and a histogram of
the orientations is obtained. The peak of the histogram is determined and is
called the peak orientation. Those ATVMSs with an orientation deviating
from the peak orientation by more than a predetermined value, for example
1°, are considered as orientation ‘outliers’ while the rest of the ATVMSs are

considered to be orientation ‘inliers’.

Secondly, the least square fit plane of the orientation inliers is calculated.
The maximum distance of all the orientation inliers to this plane is calculated

and the peak of the histogram of all the distances is obtained. @ Those



catled the peak orientation. Those ATVMSs with an
orientation deviating fromthe peak orientation by

wonmgpgooehan a predeterm ned val ue, for exanple pdy/sc@b£000202

considered as orientation "outliers' while the rest of
the ATVMSs are considered to be orientation .
“inliers'. Secondly, the |east square fit plane of the
orientation inliers is calculated. The maxi num
di stance of all the orientation inliers to this plane
is calculated and the peak of the histogram of all
the di stances is obtained. Those WD 2005/ 002444 -

Of 0 2 n er t
TELEERROME Wi, etafty REVRLLE 58 LR BeRl fiuflace by more

théram ealuel ofe fof exbeplexaim| ard ovmsidered qn@&hﬁ@r@i\tm&lé plane
cle plane outliers, while the rest of the

jrd v r
%lﬂieé%t\é( l%ﬁh?rﬂqs 0§ the oresaionrligraareneonsidergd as the third
I nliers. Step 3: Calculate the third
Vé@ﬁ{cﬁ c“grépl ane The third ventricle plane is _
appr oxi mat ed fromthe third ventricle inliers using,

or ,exa | astsuref|t pl ane of the third
g\;%%ér 'et t ird Jlan N€ventricle plane is
Tﬁ@r’[ﬁtréQ/eﬂﬁiclé‘ﬁé}ye*%zé“ﬁ’mgxmﬁléﬂefrc(rﬁ th-thirg v'e?ﬁr%léJ ﬂ'glters using,
normal vector non- posi ti ve constant
far: ex@inplet the &»asalsqsaneciﬁ mana aftiee dhiré vieotricimhliers. The third
es Any nethod for identification-of :
V?ﬁ@tc%n'{”gb?g? %R‘fﬁé@%re (AC) and posterior conm ssure
ak%ym-bamged to locate the axial slice with the
comm ssures thereon (APC). This may al so be
Wh&éfhfa ., €115 A Unitenareal yapies anved)is a nogsiasitive: eanstang. x
co-ordinate of the voxel x; for all of the axial

slices s; in between the begi nning and. endi ng axi al
Stgd 4.asinddbe axibi slicedthahe lemtédiomahd posterior commissures

Any method for identification of the anterior commissure (AC) and posterior

commissure (PC) may be used to locate the axial slice with the two
commissures thereon (APC). This may also be identified in thé following
way: _ |

1. Calculate. the x co-ordinate of the voxel x; for all of the axial slices s; in
between the beginning and.ending axial .slices_' So and s, where thé_ third
ventricle is present such that this voxel and the mass centre of s; have the
same y coordinate y, and (X, Ye, sj) is on the third ventricle plane, that is x; = -

(d+csi+byg)a.

2..  Form the searching line segment from (x;, Y., si) such that the line

segment is on the third ventricle plane and its centre is (x; y, si).

3. Calculate the average grey level of the searching line segment. For
the axial slice s;, the calculated avérage grey level is denoted as avg;.

4. Compare the average grey level avg; for different axial slices s;. For
T1-, PD-weighted, FLAIR, and SPGR MR datasets, the axialn slice witH
minimum avg; is taken as APC. For T2-weighted MR datasets, the axial slice

with maximum avg; is taken as APC.



ventricle is present such that this voxel and the mass
centre of s; have the sane y coord:nate yﬁ, and (xi,

WO 2005802444 S on the third ventricle plane, that .
?d+c§;%byc)/a. 2, Formthe searching |ine segﬁ%ﬁ@é?$%ﬁ¥0ﬂn
(x;, Yy, s;) such that the Iine segnent is on the
third ventricle plane and its centre is (x; yc, s;).

3. Calculate the average greyslevel of the searching

line segnment. For the axial slice s;, the calcul ated
average grey level is denoted as avg;. 4. Conpare the
average grey |level avg; for different axial slices s;.

-, PD-weighted, FLAIR and SPGR MR dat asets, .
-ﬁ[e a PHU'%fFi‘gg K%ff?ﬁveﬂ#{lﬁ?n\mﬂa\@'; locatipgtba lg8-maeet and right-

: _  he-nxial o i . .
o ek ah ol el o o i
ertidedodhe PR 0that id thebbo@adlany bdteveiehethichthird ventri%lte and the

ventrigle width,.by |ocating "'the | eft-nost and ri
HBYPRftREs " S dirEnce S ihe dnpchaialel ings dndetned as the
thaogentidad wignt he third ventricle in the APC, that is '
the boundary between the third ventricle and the grey
matter. The di stance between the two parallel lines is

-ped h ' ntricle width. In sugmary, the '
e Breskt UehPlh i ifesite igimauptBpd of Stracting the
takt resitricle plade Whidhd is/esbudtCle rdigd einMdntdydrit) ORNG tvarious
to _noi se, .inhonpgeneity and various artefacts. It Is :
arfefecty; rlbis BP0 Gracied ig gseichlptingethsi width of thexghirchivedtricle of a

te b ol : ain fromneuro i nages. Extracting
l%fﬁ@ fﬁ{ﬁ%@éﬁ@??g%e pl ane and nmeasuring the width of .

the third ventricle is of clinical inportance for
and  nor phol ogi cal

t h..pat hol det ecti on. . .
el iR, P8 15 e Plaee phvd cReBr el thanwistbpes dee third
ventritd  isngf askmemt iimpBREAGE o BYANthEMbRYy NeetbBidd and
ventricl-e based on -intelligent .
morphological description of brains.” The present invention proposes a fast
and automatic method for quantifying the third ventricle based on intelligent
sampling of anatomical structures, namely the thalamus and the third
ventricle, around the third ventricle based on the combination of anatomical

knowledge and image analysis technique.

In-contrast to conventional rﬁethods in which the third ventricle is segmented,
“the method embodying the present invention extracts the midlines of the third
ventricle based on the local symmetry of the cerebrospinal fiuid (the third
ventricle) and the grey matter (the thalamus). The third ventriclé plane is
taken to be the least square fit plane of all ihe midlines of the third ventricle.
The width of the third ventricle is calculated as the distance between two lines
parallel to the third ventricle plane and tangential to the third ventricle on the

axial slice containing the anterior and posterior commissures.



sampl i ng of anatom cal structures, nanely the thal anus
and the third wventricle, around the third ventricle

waaeeeh2e t he conbi nati on of anatomi cal know @9@0%9'/000202
i mage anal ysis technique. In contrast to conventi onal

met hods in. which the third ventricle is segnented,

t he nmet hod enbodyi ng the present invention extracts
the mdlines of the third veptricle based on the

| ocal symmetry of the cerebrospinal fluid (the third
ventricle) and the grey matter (the thalanus). The
third ventricle plane is taken to be the | east square

it Iange of ‘all the mdlines of the third ventricle.
é@f@i@@f&ﬁhf of the third ventricle is calculated as the :
i st t [ hyn r ird
i Stagae B URRNChEP LU N93un AR Fuheb 12 Kig BN L0 antitative

ventricle plane tangential’ to t ventric
Anseshmenamfaﬂiembrmlmjnﬂaldw|H)@ird>di|p1amiberwsmgaancﬂ3hase Contrast

ost or co ur es 20 02444
B33 MER0 G0 BP 3 0ceRNakS or RddS Nerv the St 998,3ep:. 15 (9):
Moy J.U., Huh R Yun P. H, KimD.I. - Quantitative
Assessnent of Cerebrospinal Fluid Hydrodynam cs Using
2a Phdsa@ni@ent HasReiniKia'rrerNK | Jrpreuriane hiy ki, dﬂeelhiahl ESL Paljarvi L,

l.d h
RSKHRERN . e W] i ” g Vi ticie,cdrimtates  ngifh al-aive. Ghiorine
a%éiylt@éﬂéfe#ase RetRliy 6fet'hepné006rté91 #Aﬁ%lﬁ'{ﬁf‘gﬁhéh@ — Alzheimer

correlates with Low Chlorine acetyltransferase
Ql%t/?\SﬁiQOyD@DFd A893ebciR- 14é’x in A zhe| mer pat| ents -

3 2 PR R keridBR . R 2l Bfaimi il Eindfiosh Mood

D%cndems Bupolubm@bor@l 3002e85r; 4(B): B9l #04.Di sor d 2002,
Apr; 4(2): 89-104. 4. Al S. O, Denicoff K D.,
4Al t sR 801 Deniceff 6 &, Bltshulex, LeonHadse B, Li' X, Conrad A.J.,

S%H—Uaél@éblfﬁerE ELEV@H&:‘?@S' SBo&t R: M. P—oﬁ‘x‘elﬁxo%lp Between Prior

Rel at i onshi p  Between Prio
Course of lliness and Neuroanatomlc Structures in Bipolar Disorder — A

Preliminary Study — Neuropsychiatry, Neuropsychol Behav, Neurol ‘2001
Oct-Dec; 14 (4); 227-32.

5. Soininen H, Reinikainen K. J., Puranen M, Helkala E-L, Paljarvi L,
.Reikkinen PJ. — Wide Third Ventricle Correlates with Low Choline
Acetyltransferase Activity of the Neocortex in Alzheimer patients — Alzheimer
Dis. Assoc Disord 1993; 7: 39-47).



Course of Illness and Neuroanatom c Structures in
Bi polar Disorder - A Prelimnary Study -
Neur opsychi atry, Neuropsychol. Behav, Neurol '2001
Cct- Dec; 14 (4); 227-32. 5. Soininen H, Reinikai neH-OYDW|SE
K. J., Puranen M Helkala E-L, Paijarvi L, Reikkinen
P.J.. - Wde Third Ventricle Correlates with Low
Chol i ne Acetyltransferase AdRi vi ty of the Neocortex
in Al zheiner patients - Al zheiner D's. Assoc Disord
1993; 7: 39-47). LLOYD WSE 15 Cainms: 1. A nethod
for extracting third ventricle information fromi mages
ma: plurality of axial slices of a third ventricle
of a brain having an anterior comr ssure and a
1post ek methodcfonaxtsating thitdreentrivile thforartion dlom heagengf aplurality of

t.hird ventricle plan nd w dt h, the nethod .
iRl iFrtghird 5 ReE o APRim, VARG 41 AFTIOE PR §SUrG AN 3 RRsterior
cérfmigaeNtheflthidd Veitet havink A&hidkVéHiriSk ipf@e afid a vilth, the method
calculating the local symetry index of a searching

compgsiagigment , the third ventricle nidline being the

et e g SRPYRRYet B R R T oL o R et stces s

by aslbulafing the lo0atibym@stry (mtex 9€ B eEatNiAGlide SigledtRMhaH ventricle
t,@e orientations of the mdlines; (d) determ ning the
midline being the seareiipg linnsagaept tat kas the panimusy logplsymmestry index;
e) s s Bn T [ . oLl entation
RS L R R R b L i
(9r i ergeatrabng a histbgrdm of dlecurleatatings dfithe tdidliksyent ri cl e

e L P b L et
(&) MetseREtiAEHe MhdRest v HlgBnBritniB8h Sithid i‘greﬁét_%ﬂnﬁtad angle from

calculating the third ventricle plane conprises
thegpealypaentafépr; ped | east square fit plane of the midlines

(tf' avi Q:glcﬁﬂlting the third ventricle plane from the midlines having an orientation

within the predetermined angle from the peak orientation.

2. A method according to claim 1 wherein the step of calculating the third ventricle
plane comprises calculating the least square fit plane of the midlines having an

orientation within the predetermined angle from the peak orientation.

3. A method according to claim 2 wherein the step of calculating the third ventricle
plane further comprises:

(i) calculating the maximum distance from the least square fit plane to the midlines
having an orientation within the predetermined angle from the peak orientation,

(i)  generating a histogram of the maximum distance of the midlines having an
orientation within the predetermined angle from the peak orientation to the least square

fit plane,



orfentation within the predeterm ned angle fromthe
peak orientation. 3. A nethod according to claim?2
wherein the step of calculating the third ventricle
pl ane further conprises: (i) calculating the maxi num
di stance fromthe | east square fit plane to the
m dlines having an orientation within the
predet erm ned angl e fromthelfpeak orientation, (ii)
(i eNQeRtmiGn@tHel fehR OF &Y Hftoffath SBHke RISl AaSRoest thbmidlines
m dl i nes havin orientation within the
to ﬂwéd@fféﬂlrﬁrﬁﬁﬁpgﬁgal e fromthe peak orientation to the

. hea f
(et SHisTRHELE midlibel b A ARl imind giahkd of he peal and
(v Stréti’ad‘aallalfngtthe lemsd:ituESﬁt pland Usngd thastlestigd atidliféstto generate the
pl ane, \{) selecting the mdlines lying within a

thlﬁ‘i‘@%’f‘%‘t" #€d di stance of the peak, and (V)

recal cul ating the |l east square fit plane using the

selected mdlines to generate the third ventricle
4. pl arfe method\ anedrting toc ey dnagpft the mc@m cfaimpefurther comprising

r n urther. conprising calculating the
ca&l lﬂgéli‘eg‘fvlfléﬁf)ﬁﬁ#&gggﬁ??tpg 5. A nethod according to
claim4, wherein the step of cal culating the width of
t he thlrd ventricle conprises determ ning the axial

5.5l i deneshaderscordingiq eleimd, a\thﬁfﬁusﬁm%emﬂﬂca gyating the width of the
thxlrcg v?rhetgc rhcofrgﬂggiﬁc%er&’ng tgﬁgk Q?cet ‘%’?jm(g etggﬁm%ﬁéguxﬁhussure and
thé Ebﬁ@noﬁ@inﬁ’mts‘é@re' Hﬂ@ﬁnfﬁiﬁig?md Hfi@e}bﬁrhl@él tbQhé fgrd mﬁcl@fplane in
e third ventricle in said slice to indicate
Sa@o@ﬂ’ﬁ@mlyedo@!%eéﬁd ftwe lings beingdenrgentipldodhe nga&fyomwwd ventricle
I I
n 3 LG A0 Bl SOEE NSRRI, LAY e, nd
calvutiting otie dibtantehbeterearethe nWo Iparall@l livesiredtith dibtace bedigngpresentative

cl ai , ein the local symetry index Isi(x,Y,s;,
Of(d)e Wir%ﬁé’g\\ﬁ@dl:‘ﬁfléan%‘&k"or ding to the foll owing:

LLOYD WISE

6. A method according to claim 1, wherein the local symmetry index Isi(x,y,si, 0)

is calculated according to the following:

[Is(x,y, si,0)xIsi(x,y,si,0) =2 Z DifG(Xs, ¥s, Si, K)
(xs,ys) k

where:
[Is(x,y,si,0)| is the length of the searching line segment,

Is (x,y, si, 6) is the searching line segment of voxel (x,y,s;) with the searching angle 6, and

(x,y,si) the searching point,

cos (90° + 6) is denoted as c906,
sin (90° + 6) is denoted as s906,

fabs (g(xs + k x ¢908, ys + k x s908, s;) - g(xs - kxc908, y, - k x s908, s;)) is denoted as

DifG (xs, s, Si, k), where fabs is the absolute value function, the contribution of voxel (x;,



I[1s(x,y, s;,0)Ixlsi(x,y,s;,0) = EEDTfQExs, ys, s;,

k) (x:,y) k where: Ils(x,y,si,0)1 is the Iength of

the searching line segnent, is (x,y, si, 0) is the LLOYD WISE
searching |ine segnment of voxel (x,y,s;) with the

searching angle 0, and (x,y,s;) the searching point,

cos (90 + 0) is denoted as c900, sin (90 + 0) is

denoted as s900, fabs (g(xs ¥ k x c900, ys + k x s900,

,,,h)bl ss;-0) o%i@800, ys - k x s900, s;)) is denoted as
¥ ) fG (gﬁy y;” S; - k), where fabs is the absol ute val ue

functl on, the cont ribution of voxel (xs LLOYD W SE

Dligd(%l;'s, -IS-" -%;PlllG%(%,/&s?f Sisp) -li%fGi)st}bs? I%( %g&’g Vss %4)‘1

Dift(kGlyxs;, ks k152, kBAR4, and RS bid(oonstats, S;, k5), Kl
k3, k4, and k5 are constants. 7. A nethod accordl ng to
claim®6, wherein k1 is around 0.5mm 8. A nethod

7. aceq. Ltgd bl d&hlﬁg% éla agéé%erlg%o%égt%é mm 9. A

according-to claim i's around 3mm
10 A nmet hod according to claimé, V\hereln k4 is

8. oo oERR apeotding i i WRGERASB AR CEBY Ui g t o

claim5, wherein the step of deterntnlng the axia
slice having the anterior conm ssure and the

9. postemeihod eoroniling te elaio Apwhereis: k3(is provall Suimat i ng t he x
co-ordinate of the voxel x; for all of the axia
slices where the third wventricle is present such that

10t hi &\ MeHBH ‘a8cordin® 1O EMIn 8! Rhérintass BRYHAGRRAS € of S;
yc, and (xi, yc, s;) is on the third ventricle plane

that is x; =-(d + cs; + byc)/a, were (a, b, c) is

© ong § ﬁtlhog accordlng?o glramfi1 %dwgereln k85 1@ grnouggsil o ve

12. A method according to claim 5, wherein the step of determining the axial slice
having the anterior commissure and the posterior commissure comprises:

(1) calculating the x co-ordinate of the voxel x; for all of the axial slices where the third
ventricle is present such that this voxel's y co-ordinate is the mass centre of s; yc, and (x;,
Ye, Si) 1S on the third ventricle plane, that is x; = -(d + ¢ s; + b y.)/a, where (a, b, ¢) is a unit
normal vector and d is a non-positive constant;

(2) generating the searching line segment from (x;, y., si) such that the line segment is on
the third ventricle plane and its centre is (X; Y, Si);

(3) calculating the average grey level avg; of the searching line segment;

(4) comparing the average grey level avg; for different axial slices s; and determining the

axial slice having the anterior commissure and the posterior commissure.

13. A method according to claim 12 wherein the step of determining the axial slice
having the anterior commissure and the posterior commissure comprises for T1-, PD-
weighted, FLAIR, and SPGR MR datasets, determining the axial slice with minimum

average grey level avg;.

14. A method according to claim 12 wherein the step of determining the axial slice



.

(2) ‘generating the searching |ine segment from (xi,
yc, s;) such that the line segnent is on the third L
ventricle plane and its centre is (x; Vy,, S;); (3) LOYD wise
cal cul ating the average grey |level avg; of the
searching |ine segnent; (4) conparing the average grey
| evel avg; for different axi%I slices s, and :
determining the axial slice ﬁaving the anterior

havingthe aniedonermmirsuis Gae die pastesionpomminsare cogprisesior Addveighted

j . 3| : rei.n the step of determnin
MRRERLCls Mot A Hrd b U 64 i B SR Flabi e ovel ave.
the posterior comm ssure conprises for Ti-, PD
yeiggted, FLAIR’E%Hd SPGR MR dat asets, determ ning the
I3xi o apparatusperanged Ao Reriormyg Bethgd for exfracting thirdwgniricies
inforRHOP oA . ' el p of
determ ni ng%gé éak%ch%?néS:}o?dgg‘ 0%%8%\@%%&%%@%3 ng the
anterior comm ssure and the posterior conm ssure

léonpgiges GQr T%-mphgﬁteq NR.dataseEs conpri.ses .
det P O RPRET PIOETHR PETUUS) §PTivine  ORPHISHPRO o8 ingjRict prs readable
byl ¥@hpa¥Gipparahis. to ABusBARAEHMRerHpbHAAR Yo pOHH § Refidd according
met hod for extracting thir ven?rlcle i nformation from
tojafy gBg obelaigisdl Wyl4 0 any one of the preceding clains.
16. A conputer program product conprising conputer
programinstructions readable by a conputer apparatus
to cause the conputer apparatus to performa nethod
according to any one of clainms 1 to 14.



