Mathematics, Medical Imaging
& Brain Mapping

Prof. of Neurology
Laboratory of Neuro Imaging

UCLA School of Medicine
Los Angeles, CA
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Population-Based Brain Mapping

How does the brain change throughout life? How do we map
effects of disease, treatments, genes, on brain structure & function?

CT scans

PET, SPECT,
fMRI, MRS
(CHO/CRE, NAA)

OIS

cen S

o , 200
* NFT, amyloid.. Gene Expression —— 33000
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Diffusion Tensor Imaging (DTTI)

- High-dimensional data at each

point; signals lie in Riemannian
manifolds; need metrics

Is this brain normal?
' AN

C. Lenglet/INRIA




it
(Y

o

4

T

by sy
-y e

e 4

3

WL
SN Arar st araear SRR
N

$

e
VG

o 2 o9 ) \
TR AN S8
P SETTSS NS NP R

Bl 3 3 AT

Ly

P

—RA L \ﬁew D\ oA R
s,\‘h'\k'gé\ﬁéﬁvnﬂ; > RN AT




® » " oo mm ™™ H»
8 & " o dH»
B E E X E E FE X
LY

Y

'Y B E I E N EE.EEEE
- 0

([ BN B B B W B B B B BN )

N oD S 9

~. & F D S % H N N

[ )
/

— A ™ "

o T S e e e s #
S P

b » /S & P
.'.”’I”.

-
-

X ¥ EIW I
S o »H " »

-
- e

s » » o » ot

s

f
’
\
/
f
e ¢
¢ ]
: .
[
¢
i
\
\
' 4
’
%

B F N O\ > T

¢
’
”
.
’
.
#
*
¢
_
.
.
\
\
\
’
.
¢

™

B B & & S S DY A2 D
' EFEEE | o 2"

2 T YA N "™ S
A NN " 2 »

-e -
'\\\\\IOOOO‘.~Q

n ™ 0 fF 7% )N
e S » » »

® 0 O B B FH N\ "
Y B BN B I B U G N

-
*
»
]
'
g

®
%

- % " O ® % 2 H ™S P P D>
o » % » % » 9
-
.
*
]




CANNT Sl ettt (4 svf0Qan:.
L NN 4 (N te e s\\‘..o-.
RN ea L FLLLLX
et deoe L [ oy , € *8N\
teect f 8
¢ EYXLENEER
C L NON I P N NN I
‘ .\ deoe de
\ ! . COOONN0GHu0P0
04 fEQfdCoCnurnnneenn
r S L L LAY Y {

C PP PP oo or s 038y ) 0 088 4 [ ...,...o..‘onotoq
.3“00.0000.0‘000999010‘. e Qe rce Q¢ 1 .,..............o....:.C{
33:0000‘.. SOOIV d e ergtgt et { }
3.‘0.00.....‘.0.0:o.oc..ﬂ.‘%‘0000O.‘ GhGaegdll
e A A N X O s s UL LLAS F T
.3..!'00.00% Of/,'oolococococlﬂa: veddddd ofﬁ \
:..%\"oo.% ﬁ.‘//l)‘.’f’l”o nl\.\i“‘ \\Q.‘
00000\ VAo neen Q0 - ot oo enddAl 00

XXX X VVNeee 0\ ) \na a0 0000 dgdddee 5

XX Y, ..aooo....33:....:380)\\\\\\»0‘

IR YE NN Q000 0 Sy necenprghigf J S S S

fbevrsdv SANSNe e ........333323\\\\\\

'y .. O™, DR L ‘\

Fy. , PN Ceteter a2 et etetetetgtyd

e s\ “ - o = @ gt o;...‘.“‘o::o... ‘

teee :‘\\\(:/.. .......ooiotcogoﬁots

foeoe ‘stt\\\ L8, ........o:ooooo‘\\llf W
¢
1

. -~
Tate
~

T
- -
- - -“t-"

'
'

s Q“s ‘\ ceeer/ /NN ¢ drnuanogy a ~ :
\ .: 000NNV ....o...v.v.o.o.:.ovo::fvcs’ .
\ fevottenG ........v.%v:ol-o&ooﬁﬂl
\ P00 0000 @P¢fleter 08‘(0.000’

05\ tieacoteess \\\\X:cooea:oooomﬁnﬂ‘-‘,

L A

Caaoeetth dFrrteed
0000 ¢ 0 vuo 3

™ -~

’.'vf

QARSI OO B G000 6 0 00
RO/l /P amtarannt 04860 0 ooy
LR
[ conny
'Y, e o eeretererefeteratgbid(i ¢ ¢
' N, £t €08 o mpepenstsinitgfafete sty il 0 ¢ ‘ \
(N NN NN ChndrdOnrsuupde ......:....s\\
080 0| RPECENQRQUNO i QO
e NN 'FR AL X AY N2 L LXK K;
el tihoervel} eteet
f _ (AN N FEE LY NN
RAALARE XEEEEXL LYK

#




feonnl S vEXDR
U U & A
A L O\ o S D
x». ,.. x: oo
& ax:;.
,.u 4
u:.a%.v
onfonyk lid
Q& FIE
a3 {38

L)
“

(1SRN YN
enaGhidie
SeANNES Y
O RNXXE
wrs g . ‘
ST e ew. be
3996%&&.»900@d«aa‘ XOEE 0 4s 00
399@r05049900 ALY TALY L LN
fﬂ'ééo‘ «.090 .ofq.ooau. 00 Q99 ¢ |
u»\.ﬁ»‘ﬂ YA RREAN gfqﬂézvoc.ér)
, v e wIOGRGGEaR §
mf.. © & %% 30N AL;
D he o...o_xx \\ﬂwav.o.
LLaonyd

"N e

&

D« 09 0 ChengPaP vo s Gaeg € g £ 1 064

< N

N drVava s ¢
XA J.\.A. LN

A Yo a,
XXMéaw

10t ‘ %% XY

R A N W b& % ¢

.)\;:‘

>aa;&
gonxior g
QU0 ,A&ooa va
L PO
(3L

SEleTes

L2 14

| [

o o &N D \
seepfl L \..\.«-\T\Q

\ITOSUY L LA

e ﬂasxuyxv:r::a::\«&»\\

.: %
v Qanun
OLIV{(

” \.v f: _

...xa!&.»a
L
\l«t*b\m«\
TEEERELN Y

‘.r/ [y

ot
vy y

EP@OREY N

') n»\ I/ wr i rocsaong

L wwniiiteren € € GEsc/o 0N

~Sevw e € RO L
e <o .......\Q:.XV

:.Iv&.%xl

eyt
-?:znnﬂ.v

lﬁ

Q

4!33%

.x.(..w
XHKeagxn
QLG E
rwﬁf,‘

VY & NN @
. .ﬁﬁ’m.ﬂ <
Ny § ¢

\@

‘ k“*”«o\\h\hurufob&
(')
\“\\tamm@
EEAY
\‘sa$$
*zzaaa\\

. s..o.xﬁ\.@.\\\\cki 9!@

(AR OUNOSDVOYIPUN K i & ©
W% o n\\\\\kth\t:" -

R
vocus

’

[
v

b

F I

% 2 O
P & s e

£45%

-,

Lodon

PPe e b

PR LA A
eG4
VL L )
%

o

&9 4

%1707 04 24&5.59.,. o
@ 01 01 (069000090000 d QNS (34
R RN T Tt L T
46 241 peeeesmn o AWM 2 % K
TR (18" k‘ﬂ
('l A’w\ £

::Lfﬁ )
mm

ﬂﬂ.cf

&%

Cuned
®
fI474%4% 1

o MN%

Exr
oH5ie%
torwnyid

Ry L S LR Jxoa-?iﬁ.?.
LODEYYE R e Ex e \S
$ERNNIYS & X SR R )
P22 L3P S 4L LR E RIN-
¢ bArtsIRXXANEIPLGH!
¢y PGSO L RANQP QNG %
CREXGOL U8 ANEL T XOGH

0 é




L 'FETTYEY T XX\
:;4. .:r.« ¥ §huX
/ u 2N
{ \_.,_. \*_\ #
SN &-
w. § 6 &
a###. eIy
.‘.,, ¢
]
4xaam«
Ve Y Y

v'
“s (20 L YV ERR A

»e Ayﬁea&o“a”e«,: PRRERD

(oo

o

‘k L

Si%ay ﬁw»ua
¢uaux<

¥8 8 75 Y Magipde ob 83 9255 VR |

_%ﬁ.%!;.
ﬂ % 96 94) .»
,1 w %I .»x CERE
W, .\ w.

5, 5 14
,.' “4 :»vn Xwﬁ«»

0?
%% &
X ¥ G i.. frtﬂ—&. % %
w2 YA %X N w3 X % v?.n
Rpekked HHRAEARL
LS SR
u?« x,.p ,W b %

.'

4 -

{\m.

;;.c 'e"»

B

Q%% &0 fbe
W § Qqerer gimrat .\» Js#o %
95986 ¢ bu tw ves n,_,.}.r,&.m K O w«J"I
885 5y .‘f‘q\‘.v‘
TR B R B ..{:.....xw

)i &
R L

oy o

it

W
.‘,;%\\.‘ o .?.&! \v& .

% P rﬁvﬁf ANAY S 1A R { oned »&9
VRS R Xu-‘rw,n'havrﬁv? ?&?\.Vi_
p o § 8% %R %N e dr ety

,s »
,, }.
‘ I TR RN B A ,Qoﬁ.ﬁrtfi\:
| y ....E, - I~”\”\s HL} n HERA T OV %
NN YR PR AN éss»vv
[/ -ma(roko.u‘v‘:u:o "+ 0® ",wg
w;« ¢ P
N AV 3TN .r.i\..»..:»«wﬁy

‘ N ¢ ¢ » \o% 9% o4 4r€'&a4 \?
§ PUZ2OUA R SRy ib’&(.aw‘,.v

RS LR U ::&.»ct»\y..ébh

&..

X

RNV GO P
, wéa.
. v ‘\‘1 _. N,_,...

W ,;« .“— ._ o%

(LY RE Y GO NP e kbl
gaeahags o &rl Cadears 3ty 2 X )¢

W 0 cackar  # r Cc:x (PN »XX\*\
\.\\c\g‘?bwﬁ: % ¥ 9 A Vegl xxw\\ v *w x«

«ﬁ\.\ﬂép 00 L et dp, .“~ x&zzz i1 % 7!?..%00
ploigtonde n»!é&b ubf xny p
i v ed.&xmsuss&sﬁéo PRI & 0 &5 0} .v
\\&ck:\ tor " LENNNRR
LS ' AL

i ¥ 9¢ 86

gun

deaapaval o

req iV ¥

HEARG

av«-a:.. L . des
@ er g1 K p.m M v r\% L ﬁ. .L \

; Wl e PRy
i )
‘ ”\ w
44
el 2 % &

17
17

_. K8 :m%?&%k .,
W& <b»-r




<7
s T










# /& / Y,
. vy I
F -~ 0
\ AP \ Y4
o . '
/ il a7
4

\N\N\ i _ . 2_.\_













/

Subject raw streamlines Average tract streamlines; Sitatistical results
OHBM 2011




Network Connectivity

Label
dilation

Connectivity
matrix

Cortical parcellation
(skull stripped images)

Alignment
b0->T1

Tractographyv
(linearly registered DWI)

. \h‘

Apply EPI
deformations

274828 Rk e
741295 | o MR .
.ﬂ

Gradient7 ¢/
correction” 78\

Jahanshad et al., ISBI 2011

OHBM 2011
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CONTINUUM GREEN'S FUNCTION
MECHANICAL FLOW NEURAL NET

A+u) V(Ve u(x))+MV2u(x)
+F(x-u(x))=0

COVARIANT PDE

[(A+1) V(Ve)+uV T u(r)
+F (r,-u(r;))=0; u(n;)=u,r,) if res,
u',=du’lor} +Lu
L= :8"(dg, /0 +0g,/or) + dg,/or')

[(A+1) V(VO)+uV T u(r)

+F (1;-u(r,))=0; u(r,)=0 if res,
£[0,27)x[0,7) HARMONIC MAP LEVEL SET
BETWEEN SURFACES IMPLEMENTATION

‘(/\/det [9ij]dutdu?)

B(£) = /P TdP

] () éi("’r i (2
619 ()° (1) D09 (u) 009 hap (€(w) etlle) = 3 67() hylite)

asy
N7

9 9 E-L:
0=L(¢') = ) 0/0u™[det(¢™) ) gl 0&* /0u]
m=1 =1

LEAST DISTORTION Gradient Descent, Onto Level Set:
6 (o A & Toa oa) av
> PARAMETERIZATION-  EESSNER Sia ey
INVARIANT o pat
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Superior frontal sulcus
0.70

Nonlinear Loss (N=176

0% normal subjects)

° 0.00010
2 040 000006
g 000002
3 025 e

=0.00002
=0.00004
=0.00006
=0.00008
=0.00010

0.10

0 10 20 30 40 50 60 70 80 90 "
onlinear
Age (years) regression
coefficient

Superior temporal sulcus

/ J

/o ,/,-v._',// /,
7
e/

1777
L 4

0.70 7

W,
? 1 P<0.01 (Inverted U curve)
= I P < 0.0000008 (U curve)
=
=
5
Sowell/Peterson/Thompson/Welcome

.10 1 1 la | | 1 | 1
PO e vers " etal., 2003, Nature Neuroscience
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Drug Trial Example:

Olanzapine (atypical)

VS.
Haloperidol (typical)

Thompson/Lieberman

Lilly HGDH Study (2007)

Do Antipsychotics Resist Gray Matter
Loss in Schizophrenia?




Comparing Drugs: Olanzapine
Slows the Rate of Gray Matter Loss

0%

5%

10%

Annualized
Loss Rate

Thompson/Lilly-HGDH/Lieberman 2007




Time-Lapse Map of Brain Development (PNAS, 2004)




Mean Annualized Growth Rate Maps

NIMH HEALTHY CONTROLS NIMH CHILDHOOD-ONSET SCHIZOPHRENIA
N=12 (6 male / 6 female), AGE: 13.5%0.7 yrs. at baseline (COS)

N=12 (6 male / 6 female), AGE: 13.9%0.8 yrs. at baseline

% Growth Rate shown in
% Loss Rate shown in




Methamphetamine Brain Damage
(Thompson et al., J Neurosci, 2004)

22 chronic meth abusers and 21 Controls scanned with MRI

What is the profile of cortical thinning?
Eroding the Mind T

Researchers have mapped brain
decay caused by metham-
phetamine use.The damage
affected memory,

emotion and reward

systems.

Average

difference in

brain tissue

volume of

metham-

phetamine

users, as

compared _ ’

with non- \ . N\ Y = ‘.' g AREAS OF

users: s A 2 ; GREATEST LOSS

e ' Emotion, reward

(limbic system)

39 5% e Memory
LOSS LOSS (hippocampus)

Source: Dr. Paul Thompson, U.C LA




Brain Tissue Loss in HIV/AIDS PERCENT

OF TISSUE
Gray Matter R —— LOST







FDDNP-PET FDDNP-PET Textured onto

Overlaid on MRI 3D Cortical Surface







Post mortem Pathology:
Braak Stage B Braak Stage C

p value

I
PET: Amyloid Burden

Lower W Higher










Fluidly Deform One 3D Image to Match Another,
Maximizing the Mutual Information

Mutual Information (MI):

MI(u) = J“Du(il-iz) log lyf'(["l:_)c‘ll'lcil'z.
R2 [)(Il)lju(_[})

Use the gradient of the M to drive the velocity field

of the fluidly flowing image:
Lv= ;IVEV + (A + ,u)V(V -v)=F(x.u)
=V Ml(u)



Computer Vision - Automatically Measure Brain MRI

| co-ccoumence 1 lo%
T matrioes - g__,o
discrete cosine ;
18 traxsform T
5 & 1E,
.\ dyadic Gabor i B
filter 5__40
o |E — - quuug
v it il BV ,”kl __a
eXpone = 3 l: ! x — g‘* 1/‘0 s
] — =25 T8 Ao o--
ol 0 Mo
LN
AT on o
dowmsampled L] |, OO0 cogf /
sh mriind - OO0 »00d s
sub-windoars —>-gog  coo
3
— J) neural neter ark
; XY F]
pat MRI P %9 sub -wrindowr improved
classification /D classification result | =——
wsult
master classifier map fromstage I

Terzopoulos, Yuille, Osher at UCLA — world leaders,

we have existing collabs, shared PhD students




