Met hod And Apparatus For Extracting Third Ventricle
Information Field ofthe Invention The present
wonvenz4am i s directed to a nethod and appar at BET/SGR004/000202
extracting third ventricle information of a brain from
i mages thereof. Background of the Invention Magnetic
Resonance I maging (MRI) can be used in diagnosis of
vari ous di seases in humans. The nost i nport ant
property to be considered in MR is the stinulation of
the tissue with various radio-frequency (RF) pul ses at
definite time intervals and then to detect the
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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 sequence.
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 incl‘ude 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



sequence is a 180 degree RF pulse that inverts the

magneti zation foll owed bya 90 degree RF pul se that
wonoosge244me resi dual | ongitudi nal nmagneti zati ORCTSG2004/000202

the x-y or transverse plane where it can be detected

by an RF coil. The tine between the initial 180 degree

pul se and the 90 degree pulse is the inversion tine

(TI). The spoiled gradient echo recovery (SPGR)

sequence has the sane TE and TR as T1-wei ghted

sequence but has an additional variable flip/tip angle

of the spins. The flip angle is usually at or close to
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The size and norphol ogy of the third ventricle
is |ﬁ§%rtant in clinical pathology. As the third
ventricle is situated in a very critical part deep
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Ct the third ventricle plane would facilitate the
identification of the early intracerebral haenorrhage
and | ocalisation of the two [ andmarks, namely the
anterior conm ssure AC and posterior conm ssure PC,
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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 symmetry 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 posterior

commissure PC, for spatial normalisation of the human brain.



The third ventricle may be enlarged in either

general i sed or |ocalised hydrocephal us. The usua
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Patients with Al zheinmer's di sease2, bipolar disorders

3 and mani c depression4 have wider third ventricles.

The width of the third ventricle better reflects the
degree of cholinergic deficit3than the severity of

hi st opat hol ogi cal changes, such as scores of plaques

and tangles in the brain of a patient wth Al zhei ner

Di sease5. Existing nethods for identifying the
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US 6 205 235 illustrates 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 into problems and/or

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



The present invention ains to substantially overcone

or aneliorate the above-nenti oned problens and the
worasiosent of the width of the third ventri cbPeTssReo4/000202

facilitate the identification of pathol ogy. The nethod

according to the present invention allows the

anat om cal know edge to be inplicitly incorporated in

the intelligent sanpling scheme. The nethod finds

application in nedical inmaging, in particular

neur oi magi ng and provides ways for quantifying

anatom cal structures. O her areas of applications
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applications include neuroinformatics, 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 calculation 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.

According 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 having a third ventricle plane and a

width, the method comprising:



e. selecting the mdlines having an orientation within

a predeterm ned angle fromthe peak orientation; and

wo . 20smozdhati ng the third ventricle plane fronPCiSG2004/000202
m dl i nes having an orientation within the

predeterm ned angle fromthe peak orientation.

Preferably, the step of calculating the third

ventricle plane conprises cal &ul ating the | east square

fit plane of the mdlines having an orientation wthin
the predeterm ned angle fromthe peak orientation. In

a preferred enbodi nent, the step of calculating the
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within the predetermined angle from the peak orientation.

In a preferred embodiment, 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 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,

(i)  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 predetermined distance of
the peak, and

(v)  recalculating the least square fit plane using the selected

midlines to generate the third ventricle plane.



tangential to the inmage of the third ventricle in said

slice to indicate the boundary between the third
woenmisroozd4e and grey matter, and cal cul ati ng t heCT/SG2004/000202

di stance between the two parallel |ines, said distance

bei ng representative of the wdth of the third

ventricle. Preferably, the step of determ ning the

third ventricle nmidline for edth of a nunber of the

axial slice Slconprises calculating the |ocal symetry

i ndex of a searching |ine segnent, the third ventricle

m dl i ne being the searching |ine segnent that has the
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P@ferably, the step of determining the third ventricle midline for each of a
number of the axial slice s; comprises calculating the local symmetry index of
a searching line segment, the third ventricle midline being the searching line

segment that has the minimum local symmetry index.

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

following:

lIs(x,y,si,0)|xIsi(x,y,si,0) = >, 2 DifG(Xs, Vs, Si, K)
(xs,ys)K

where:
lIs(x,y,s:,0)] is the length of the searching line segment,

Is (X,y,si0) is the searching line segment of voxel (x,y,si) with the searching

angle @, and (x,y,s;) the searching point,
cos (90° + ¢ ) is denoted as c904,

sin (90° + @) is denoted as s904,



In a preferred enbodi nent, the step of determ ning the

axial slice having the anterior conm ssure and the
weasis@oz4as comi ssure conprises: (1) cal cul ati RQTASIE2004/000202
co-ordinate of the voxel Xj for all of the axia

slices where the third ventricle is present such that

this voxel's y co ordinate is the mass centre of § yC

and (Xj, yc, §j) is on the thifd ventricle plane, that

is X} =-(d+c S + byc)/la, where (a, b, c) is a

unit normal vector and d is a non-positive constant;

(2) generating the searching line segnent from (X,

y ' I egRent i s e, t hi Wi
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searching |ine segnent; (4) conparing the average grey

| eQRirioE{Rn of wexelilks ¥e.8Rto Isticaly. §1.9 LBEING: and

determ ning the axial slice having the anterior

commi ssure and the posterior conm ssure. Preferably, :
t DFCEXLYs,of;, 018) er DIfGIORY vt e BR) al DEGGeyhasyi 319) tHRITG(xs, Vs, si,

apteriqQr_conm ss and the posterior conm ssure
cgrQSrTgé@(MNs’ﬁ%-SbD wei ghted, FLAIR and SPGR MR
dat asets, determning the axial slice with m ni num

average grey level avg i, and for T2-wei ghted MR
dbt apeaferred epnlefciment,ythe sigp dEdsteduiningrihe agat sliceehavang the

slice with maximum ayera rey |l evel avgj.According
LTt e he R e Bl SR PEMPISE ot ded
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third ventricle information frominmages defined above.

Accor di ngrhese dhenthirgl yepiicle ¢ pragentngeeh itoat titereoxeds y co-
Dot oo RIBREEH e B MR BEUEL, SUEKSLER) s on the i
yentricle 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;, yg; 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 posterior 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 avg;.



conput er apparatus to cause the conputer apparatus to

perform a nethod defi ned above. Brief Description of
woheosoami ngs The present invention will now beCT/SG2004/000202

described wth reference to the sole figure, Figure 1,

which is a flow diagramillustrating the steps

i nvol ved in an al gorithm accordi ng to an enbodi nent of

the present invention. Descrigtion of Preferred

Enbodi ments The steps constituting a preferred

enbodi nent of the nethod of the present invention are

shown in-‘the flow diagram of Figure 1. The nethod of

he present_ i [ i > ()] S i
AerafiigaY & SETH eBBartbt ing SnAReH,EEEe JF 1BVRed apparatus
bhanpadite! perforal ai magrsl &r éXiradiingi thirdndentricle information from
consideration and the starting and ending axial slice
irpagemdef®igd abYe the third ventricle is present the
processing steps illustrated in the flow di agram of
Figure 1 are as follows: Step 1 - extract the third :
weobrdied ¢o na dhirdeaspegheiitthefiaventidn diierehis provadedla cemputer
in between the starting and endin

ial slices SO and
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Ven ane rom-t extracted thir

defined abeveri dl i ne segnent inliers; Step 4 - find the
axial slice (APC) in between the starting and ending
axial slices SO and s where the anterior conmnm ssure

BrE} DRBermRH SrtheDiemassur e (PC) are present; and
-Step 5 - 1n the aforenmentioned_axial slice (AtP 2
h

Toearesentanvemtion will rewhendesqsies Wih referemee _Cthsole figure,
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wbebrdinef totdreembotitnametrdfrthe Ipeesent invention.

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;



A brain dataset or volunme is represented as a stack of

paral |l el twodi nensional slices. The three dinensiona
woabosrme244¢ denoted as Vol (Xx,y,z) with x, y an#Cz/Sbbeéngoo202

the co-ordinates at voxel (x,y,z). In this case, x, y

and z are non-negative integers satisfying 0O x Xsize,

Oy Ysize , O z Zsize where the z co-ordinate is

constant on the axial slices,9the y co ordinate is

constant on the coronal slices and the x co-ordinate

Is constant on the sagittal slices. If the origina

scanning orientation is coronal or sagittal, the axia
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endi ng axi al sllces SO and s where the third ventricle
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nunber . e grey level at voxe I s denoted as

gofnmiss8ie (PCr ane present; ardy, Sj) nurrerous line segnments
can be drawmn within Sj. The line segnent is denoted as
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angle g, and (x,y,S) is called the searching

RO it Efadet BXIVA ?ﬁ‘\‘eéat ulte'giré%lﬁﬁ&‘té chesticR! bGarallel two-

segnment s prom nen |rd ventricle In
alimehsishakslcess Thatthtdeedintensional (ojureg isederoted @mVol (x,y,2)
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Hibxanendriteidg e esoedha st aBLBEY2)o Thilbis GispaR. ¥ and 2
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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 s, where the third ventricle is present are
predetermined. Any axial slice in between s and s, is denoted as s;, where
s; itself represents the axial slice as well as the axial slice number. The grey
Ievél 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,si0) 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 8. Is (x,y,8i0) is called the searching line segment of voxel (x,y,s;)

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



around the mass centre of the axial slice. To |locate

the third ventricle mdline in an axial slice su the
woOaoealospemet ry i ndex of a searching |ine segnear/sSiG2004/000202
used to capture the anatom cal features of the third
ventricle mdline segnment and thus. to locate the third
ventricle mdline. Due to the variations in size of

third ventricles, the local syWmetry index should

sanpl e both the grey matter (GVW) and cerebrospi na

fluid (CSF). For the searching |ine segnment Is

(x,y,Sj, <9), its local symetry index [si
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contribution of voxel (xs, ys,S§)to Isi (x; y , sl q)

is: DIfE X8, ys, S, 0.5 + DIfQ X8, y8f si 1.0) +

BIQ]; @cégé *P(%*hi?"’?‘?‘ts%%@@? %Gﬁ,@(%n &gfatl %gcgbgzﬁh&t Igcel %mmetry

frhtltﬁ@ opa selaﬁcbr(nXg Mnéjseg)nens i¢ need\vte rm@redhtarad:aﬂbmmal déatures
t he voxel s on | s(

al ),

of gbg thirgj veirice gp@gn9 sggnaﬁl% ancg}%p? é@){gcagggthesthlrdkyentncle
(Xdlide.) DUt the variations in size of third ventricles, the local symmetry
index should sample both the grey matter (GM) and cerebrospinal fluid (CSF).

For the searching line segment Is (x,y,s;, @), its local symmetry index lIsi
(x,y,si,8) measures the grey level symmetry around it. For each voxel (Xs,Ys,
s;) on the searching line segment, five pairs of sampling points at the opposite
sides of Is (x,y,s;,@) are taken on the lines perpendicular to Is (x,y,s;,8) and
passing through (xs,ys,si) 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° + 4 ) is denoted as c904
sin (90° + @) is denoted as s9064

fabs (g(xs + k x €908, ys + k x 908, s) — g(Xs - kxc908, ys —k x s908, 8)) is
denoted as DifG (Xs, Vs, si,K)

The contribution of voxel (Xs, ¥s,si) to Isi (X, Y, s;0)is:

DifG(xs, Vs, Si, 0.5) + DifG(Xs, Vs, si, 1.0) + DifG(Xs, Vs, Si, 3.0) + DifG(xs, Vs, Si,
5.0) + DifG(xs, Vs, Si, 7.0)



where |[Is(x,y,S,q)] is the length of the searching
line segnment in mllinmeters (m). The third ventricle
waizalsiostagegnent on axial slice s,- is the seaPChiSBgo04/000202
| ine segnment that has the mninmumlocal synmetry
i ndex. The extracted third ventricle mdline segnent
is called the approximated third ventricle mdline
segnent (ATVMS). Step 2: RenoVk outliers of the
extracted mdline segnments The approximated third
ventricle mdline segnents (ATVMSs) are processed in
two steps, to renove outliers, in the nmanner described"
for exanple in the applicants copending Internationa
Pat ent Application PCT/SG2/ 00231 , the content of
whiherle fabs() e threpatssdlgte vadueefundiipnway of ref erence.
Firstly, the orientations of all the ATVMsSs are
cal cul ated and a histogram of the orientations is

qg’ibfé‘g s Tﬁ@ aREAlGChoritisuirsS Al \ko&eq’éebﬁ'lé(}(&%?,e?rtﬁat is,

e peak orientation. Those ATVMSS w't

q@oemsa@)pqsu(ﬂg\s,,a)ttqg 5 DiIfG(ke ypesakk)or-i ent ati on by
nore than a predet ) gr} ed val ue, for exanple 1, are
consi der ed as or|e tation Qutliers' while the rest of

| ggﬁ} RIS S B8 RERPIAG ThE Spffhert Il iffiiters

tation |nI|ers is cal cul ated The maxi num
|stance of all the orientation inliers to this plane
is calculated and the peak of the histogramof all the

LSt
I SR PRI PoarhBAES EXET s Sty pEatnlid the
aegatart tldt, hefsatheemmrmUm [boa) s;anmemynadeberﬁté exteaatéd third
S tio Sl ot obtasie o s
Hélﬁ'ﬁTVP)IS‘FPerS Step 3: Calculate the third

trlcle

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.

Firstly, 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



The third ventricle plane is approximated fromthe

third ventricle inliers using, for exanple, the |east
weoequare24fit plane of the third ventricle inliePeT/SGh@4/000202

third ventricle plane is denoted as: ax + by + cz + d

= 0 where (a, b, ¢) is aunit normal vector and d is a

non-positive constant. Step 4: Find the axial slice

with the anterior and posteril@ conm ssures Any net hod

for identification of the anterior conm ssure (AC) and

posterior comm ssure (PC) may be used to | ocate the '

axial slice with the two conm ssures thereon (APC).

ayv al i i fi TP | i :
RpRietRA B ity & BRtpniocr BeliBtihp oy hp el Wdtanc by more
tien axvalle df] é@se@mple betmeere toesidersichihenthigchyentricle plane

L7 K1 o o5t Bt e o B b ckER) A e
%n{tpﬁ}éeitnﬁgps_sane y coordinate yc, and (Xj,yc, §j) is
on e

Ird ventricle plane, that is X} = - (d + ¢ S
+ b yc)/a. 2. Formthe searching |ine segment from

VG, S ch .that the |l.ine segnent is on the
gé—@—é-' tethe it ve Felnentreis(ijc, s\). 3.
FakaHirathv@ntritge %Yeﬁfeaﬁearﬂfr@)(irﬂaﬁ@ lropfi thé ehirck aethicleginliemseusing,
segnment. For the axial slice S the cal cul ated average

fnresxananlel theslegshaguaredfit plege of dhe tirhueRtricieindgrs: aglhe third
rey. | e i ry di.fferent axial slices §. For '
%5‘?""@@:@?3%?88&9& R, and SPGR MR datasets, the
axi+apy ldzcedwt Oh m ni num avgi is taken as APC. For

T2-wel ghted MR dat ts, th gl sli i1 h
bere (3 b8 draaiiiaeemal VesioE and b BORRORVG ST PIATe

width by locating the left-nost and right nost |ines
parallel to the third ventricle plane and tangenti al
Step AeFindi thd axial slice with the anterior and 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 the 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 the third
ventricle is present such that this voxel and the mass centre of s; have the
same y coordinate yc, and (X;, Ye, Si) is on the third ventricle plane, that is x; = -
(d+csi+tbysfa.
2. Form the searching line segment from (x;, Ve, si) such that the line
segment is on the third ventricle plane and its centre is (X; ye, S)).
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 axial slice witH
minimum avg; is taken as APC. For T2-weighted MR datasets, the axial slice

with maximum avg; is taken as APC.



ventricle in the APC, that is the boundary between the
third ventricle and the grey nmatter. The di stance
woebosmemathe two parallel lines is defined as Poe/sGheor 00202
ventricle width. In sunmary, the present invention is
directed to a nmethod of extracting the third ventricle
pl ane which is robust to noise, inhonbgeneity and
various artefacts. It is alsd3directed to calculating
the width of the third ventricle of a brain from neuro
I mges. Extracting the third ventricle plane and

nmeasuring the width of the third ventricle is of

| i ni iAo hot i pathel indetHaCidrom ;
g)br pho A%li"ca Ef?}%@@ﬁ E’?ﬁ%‘%?"‘@%‘?ﬁé. ng %1r%esent 08f'éind fight
infystNiines paralpdsesthe thist ventlicketplame | andréamgehtiabrto the third
guantifying the third ventricle based on iptelligent
Janpian B ARG, chet the dawdans betueeriye T vemand the

%g%é Eﬁ%térhi Mehe ﬁ_[)%&éﬂéé BetwlcPUME FiAS gtaﬁ‘élféll w88t idefifed as the |

n the conbination of anatom cal know edge and
itmiectyee lainialeywidéht echni que. I n contrast to conventi onal
nmet hods in which the third ventricle is segnented, the
nmet hod enbodyi ng the present invention extracts the

I %'uhﬂﬁéry?;th% hrtﬁeéé\iltr AV i UpebRee ammettdd ef aktracting the

symmetry "o e cerebrospinal fluid (the third .
Waird viegltrisle arlane hwhighels - faktusé rto( naiget Hrhemaggneitshand various

thicd e . ' ' ‘ :
NERA 5y b8 MERS ol B b Sl SRS e o o
PhginWidih hefo irhgagédii rd ventricle is calculated as the

di stance between two lines parallel to the third

ventricle plane and tangential to the third ventricle

PhrbBin@ 8! tild SBnERMY B Brid Ened¥ B tAWldth of the third
posterior comm ssures. erences: 1. KimD.D. and Choi
YehlricleHuls Rif Yelimidal EnportameeD. far -bafnamprthaelogy e detection and

'g“lsq?sﬁﬁélg%gﬁl]o §§Eel[gtle0br{ of Biranlr?é. F iedpr gl[l gﬁ(/ré%%ﬁ'sprgr%sne% 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 fluid‘(the third
ventricle) and the grey matter (the thalamus). The third ventricle plane is
taken to be the least square fit plane of all the 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.
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(c) generating a histogramof the orientations of the

m dlines; (d) determ ning the peak of the histogramto
wonresiods4a peak orientation; (e) selecting therPargiGeonas00202
having an orientation within a predeterm ned angl e
fromthe peak orientation; and (f) calculating the

third ventricle plane fromthe mdlines having an
orientation within the predete m ned angle fromthe

peak orientation. 2. A nethod according to claim1l
wherein the step of calculating the third ventricle

pl ane conprises calculating the |east square fit plane

OélaﬁFES. m dlines having an orientation within the

rmned angle fromthe peak orientation. 3. A
met hod according to claim2 wherein the step of
chl cul Anhetpoti fier étrarating ¢hird vehtrichd mufierniaticrhfeom images of a

conpri ses ul ati.ng the nmaxinmu nce fro

Che’ | qagtalist phmeatsices s Anird VeRE e dI b sy, 28 Anterior
ori ent &irQfsaird Bhg éﬁg’st@ﬁ&d&srﬁm&ﬁé #RahRd veAfddifiaving a
peak orientation, (11 eneratin hi st ogr am of

maxi mﬂnrdlvmisrmdeptdnetar@l avddih de meiihodjcamposingnt at | on

wi thin the predeterm ned angle fromthe peak

Jadcr e B i AR R BA T B KL e v

diligkgnce of the midlines to the | east square fit
Iane (iv) selecting the midlines Iylgﬁi within a

p(bbdetctﬁtﬁirﬁ@ngﬁhﬂ(w%@fb?n eheagivakthegniglings;
ec tgﬁé&%ﬁ’éﬂ%} él?ﬁst{)@%% o?ﬂ‘}%a{)ﬁ?rﬁt'a lﬁ’é BiitheHnid] d"iﬂe%he

nes genera ird ven
F(bl)'me determininet ﬂheqo@kanfrtue rhgstbgraamjzo prmnd)é atgemk orientation;
p({efcedslerllgctﬁﬂlga!thr{as mldf"lnes %avmg an orientation within a predetermined
angle from the peak orientation; and
) calculating 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,

(ii) 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,



conprising calculating the wwdth of the third
ventricle. 5. A nmethod according to claim4 , wherein
woheosgozE4 of cal cul ating the width of the thir#@CT/8G2004/000202
ventricle conprises determ ning the axial slice having
the anterior conm ssure and the posterior comm ssure,
determning two lines parallel to the third ventricle
plane in said determned slic said two |ines being
tangential to the inmage of the third ventricle in said
slice to indicate the boundary between the third
ventricle and grey matter, and cal cul ating the

Dur n 2N el ik Bk tinE RistoRi. ofifb it A fistance

bei ng ‘represent a
vent rigfltiee midlinksntetthe tesst squedranfit planeny one of the

precedlng cl erejn t e step of det ni. n

t hi rd (¥ént rﬁegcé'”&ty; lings ¥'z§’8hwgh'”aa rﬂfﬁaé{gr %ngls?ance of
axi al onprises calculating the |ocal
symrettﬁ%/lplg%%(ndéf a searching |line segnent, the third

ventri(e) e mecdlculatibgi thg tlbasts equate rfg plam@ sisipgerthe  selected |
t hat has,.t he, m ni nu ocal s try index. 7. A nethod
accor&‘i"aﬁn?%tocg%”wg h\ﬁr@l‘rgi%% )FI’!?&Q symmetry i ndex
I'si(x,y,S, q) is calculated according to the

foll ow ng I s(x,y c Isi(x s i> =
#8, siA m?'fhl@ﬁ aycqrdmgs%;\lmaveoéméf( fhe gr)epqup pga(l;éqﬁe further

the s e FRUGEA s WG S BE R et 2112

sear ching angl e q, and (x,y,Si) the searchl ng p0| nt

cos (90 + q ) is denoted as ¢c906>, sin (90 q.)
&enot &dmathedm@ssording to claim 4, wherein the step of calculatlng the

width of the third ventricle comprises determining the axial slice having
the anterior commissure and the posterior commissure, determining
two Alines parallel to the third ventricle plane in said determined slice,
said two lines being tangential to the image of the third ventricle in said
slice to indicate the boundary between the third ventricle and grey
matter, and calculating the distance between the two parallel lines, said

distance being representative of the width of the third ventricle.

6. A method according to any one of the preceding claims, wherein the
step of determining the third ventricle midline for each of a number of
the axial slice s; comprises calculating the local symmetry index of a
searching line segment, the third ventricle midline being the searching

line segment that has the minimum local symmetry index.

7. . A method according to claim 6, wherein the local symmetry index
Isi(x,y,si, 0) is calculated according to the following:

[Is(x,y,s:,0)|xlIsi(x,y,s;,0) = 2 Z DifG(Xs, Ys, Si, K)
ﬂgg)k



fabs (g(xs + k x ¢c906>, ys + k x s90<9, §j) - g(xs -
kxc906>, ys - k x s90<9, S)) is denoted as D fG (xs,
wWO00580244), where fabs is the absol ute val ue f BATASGRIVE/000202
the contribution of voxel (xs, ys,§) to Isi (x, vy,
S ,<9being: DIfgx s, ys, s, k1) + Df{x s, ys,
S, k2) + DfEx s, ys, S, k3) + DfEx s,-ys, si, k4)
+ Dfgx s, ys, §, k5, ki1, 1€2, k3, k4, and k5 are
constants. 8. A nethod according to claim?7, wherein
k1 is around 0.5mm 9. A nethod according to claim7,
vvherei n k2 is around 1nmm 10. A nethod according to

7, wherein k3 is around 3nm 11. A nethod
accord| ng to claim?7, wherein k4 is around 5mm 12. A

F@mé.,eapledhdllmwth@fdieisaarthmgwlemasegmsni s around 7mm
A nmet hod according to claim5, wherein the step of

det erm ning the axial slice having the nt e .
tobny sl 6 faﬁosqaf@hlﬁesltr@r FRIMEBh AT YouekO0bR rvv'ﬁvetbe gqgreching

aRof "B BV & e SRR PR, % entricre o

present such that this voxel sy co ordinate is the
08§ $90eRtY pisderfiited @s 0P ,(Xj, yc, S§j) is on the
thirdventricle plane, that is X} =-(d+c § + b

yc)/ where ( is aunit normal vector and d
SEl @Oﬁd'neb@sqkf'?q;%g@t%rgagpéﬁt (2) generating the
sear chi ng line segnment from (X, yc, s\) such that the

Ifé5§e ?&cgcﬁe OVS -I- 'P(ek tsb@ pd s\}en%)(f)dsdkﬁc@d) ang, andx 'sQ@@ s) is

cent ating the averag

geegteldeaselle&i/g& o, s.Hré m@@r@rﬁab@ ig theeabéglﬁt&m/alumﬁunctlon the
| for diff .
ZanRpuf ot 15 G 2R R GG o RERg: o o1 cehvi ng

the ant'erl or conmm ssure and the
DifG(Xs, Vs, Si, k1) + DifG(Xs, Vs, Si, k2) + DifG(Xs, ¥s, Si, k3) + DifG(Xs, Vs, Si, k4)
+ DifG(xs, Vs, Si, kB), k1, k2, k3, k4, and k5 are constants. ‘

8. A method according to claim 7, wherein k1 is around 0.5mm.
9. A method according to claim 7, wherein k2 is around 1Tmm.

10. A method according to claim 7, wherein k3 is around 3mm.
11. A method accordihg to claim 7, wherein k4 is around 5mm.

12. A method according to claim 7, wherein k5 is around 7mm.
13. 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; y., and (X, Ye, Si) is on the third



posterior comm ssure. 14. A nethod according to claim

13 wherein the step of determ ning the axial slice
woavisrg244he ant erior conmi ssure and the poster POT/SG2004/000202

comm ssure conprises for Tl1-, PD weighted, FLAIR and

SPGR MR datasets, determining the axial slice with

m ni mum aver age grey |evel avgi. 15. A nethod

according to claim13 wherei qgthe step of deternining

the axial slice having the anterior conmm ssure and the

posterior comm ssure conprises for T2-weighted MR

dat asets conprises determ ni ng the axial slice with

T B SRR 8 S PR . s 2

vent r inghrRal Véicksmaid Q'ﬁsbrrﬂm p@ﬁﬂ%cal@stantjl ng to any one
of the precedl ng clains. 17. A conput

produ€?) cogpnerating fb@rﬁﬁﬂ@h'”ﬁr'@@r%@ﬁm%@tﬂgrog&o% si) such that
' eadaﬁ}%gﬁ)%( 838'&%?& h tﬂ@ptﬂ rgt\}é?]tﬁ&e AR ahB St 08mi fé (X Vor

appar according to any one o
cl ai mg);l to 15.

(3)  calculating the average grey level avg; of the searching line
segment;
(4)  comparing the average grey level avg; for dlfferent axial slices s
and determining the axial slice having the anterior commissure and the
posterior commissure.
14. A method according to claim 13 whérein 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;.
15. A method according to claim 13 wherein the step of determining the axial
slice having the anterior commissure and the posterior commissure comprises
for T2-weighted MR datasets comprises determining the axial slice with
maximum average grey level avg;.16. An apparatus arranged to perform a
method for extracting third ventricle information from images according to any
one of the preceding claims.17. A computer program product comprising
computer program instructions readable by a computer apparatus to cause
the computer apparatus to perform a method according to any one of claims 1

to 15.



