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Applications: Brain Imaging










Application: Tumor Diagnostics

SE T1, post CA Diffusion Map

disfz




Application: Brain Metastasis




Application: Arterio-Venous Malformation




Application: Lung Cancer Diagnostics




Application: Asbestosis




Application: Relapsing Perichondritis

Sequence

« 2D FLASH

« TR=44ms

« RecFOV =6/8

« Matrix = 128x256

« TA/Image = 550 ms




Application: Liver Tumor Diagnostics

e
— Y

FLASH T1 (in phase) FLASH T1, fat sat FLASH T1, fat sat, Gd (phase2)

FLASH T1 (opposed phase) ~ FLASH T1, fat sat, Gd (phase1) FLASH TH, fat sat, Gd (phase3)

disfz

Multiple Hepatocellular Adenomas




Application: Renal Cyst




Application: Polycystic Kidneys

3D Gd MRA

Courtesy: M. Prince, Ann Arbor

Coronal T2

.F'-T—,

Post Gadolinium




Application: Prostate MRI




Application: Whole Body MRI

2D HASTE




Application: Whole Body MRI
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3D zobrazovani
(3D/Volume Imaging)

e Snimame objem (mnoho Yezl) misto jednoho Yezu




3D zobrazovani
(3D/Volume Imaging)

e Snimdme objem (mnoho ¥ezil) misto jednoho ¥ezu
o Casovy diagram
e VZechny Fezy excitovany (~ 10cm)

e Dva fazové gradienty, véechny moZné kombinace
e Cas snimani = TrNg, Ny,

4 +
Ge JT 1 1
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3D zobrazovani

Vynechame Uvodni gradient béhem excitace -
excitujeme cely objekt.

prida se druhy fazové koédovaci gradient G,, je tfeba
proméfit cely rozsah jeho hodnot pro kazdy Gy.



Vyhody: + Newyhody:
lepsi pomér sigal/Sum * doba méreni
velikost dat

moznost zobrazeni
jakéhokoliv fezu
objektem

jediny typ kontrastu



Rychlé zobrazovani
EPI
pMRI



Why Should We Go Faster ?

Patient acceptance
« claustrophobia

. paill
Patient Throughput

Reduction of Artefacts
« breathing
« beating heart
« patient movements
Dynamic Studies
swallowing and speaking
contrast agent dynamics
movement of joints
tracking of biopsy needles or catheters




MR History

Gradient
Echo

1985




MR Acquisition Times

Spin Echo
TE 15 ms
TR 600 ms
TA 1min17s




Fractional N, Imaging

(Castené snimani k-prostoru)

Obraz v k-prostoru je FT objektu

Objekt je redlny — symetrie F*(k) = F(—k)
Sta&i snimat polovinu k-prostoru

V praxi NeyN krokii z N, 0.5 < Ngy <1

Ptiklad: misto —128...128 snimdme —8...128.

Oblast okolo potatku (nizké frekvence) dileZitd pro globdlni
tvar

Nevyhoda — men%i SNR



Fractional Echo Imaging

(Céste&né snimani echa)

e Redlny obraz — echo signal je symetricky (v ase)
e —— stadi snimat jen polovinu

o — kratsi Tg, siln&jsi signal, kratsi ¢as snimanf



Fast Spin-Echo

(Rychlé/n&kolikandsobné echo)

e Rozdé&lime k-prostor

e Jedna 90° excitace, nékolik refokusa&nich 180° pulsi




Fast Spin-Echo

(Rychlé/n&kolikandsobné echo)

e Rozdélime k-prostor

e Jedna 90° excitace, nékolik refokusa&nich 180° pulsi
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RF 4._.|. .‘. .‘.
N

Gs [1_T1
Gy

Gy

— _MJL”_J,- o




Fast Spin-Echo

(Rychlé/n&kolikandsobné echo)

e Rozdélime k-prostor

e Jedna 90° excitace, nékolik refokusa&nich 180° pulsi

90 (180 180 180 180
RF 4._.|. .‘. .‘.
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Fast Spin-Echo

(Rychlé/n&kolikandsobné echo)

Rozdélime k-prostor
Jedna 90° excitace, n&kolik refokusa&nich 180° pulsi
Nékolikandsobné zrychleni snimani

Signal pozdg&jsich ech (okraje k-prostoru) je slabsi
90 {180 180 180 180
4
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Fast Spin-Echo

(Rychlé/n&kolikandsobné echo)

Rozdélime k-prostor
Jedna 90° excitace, n&kolik refokusaénich 180° pulsi

Nékolikandsobné zrychleni snimani

Signal pozdgjsich ech (okraje k-prostoru) je slabsi
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Echo planar imaging (EPI)

(echoplanarni zobrazovani)

¢ Velmi rychld metoda (20 ~ 100 ms/¥ez)
e Cely k-prostor p¥i jedné excitaci
o Nejcast&jsi pouziti pro fMRI (funkciondlni MRI)



k-prostor (p¥ipomenuti)

Demodulovany signal
S(t) . e—27Tj’7(G¢T¢y + GftX)
Substituce

ky = vGrt ky:’7G¢T¢

S(t) x e—27Tj(kXX + kyy)



k-prostor, signdl z fezu

Demodulovany signdl z jednoho bodu:
S(kx, ky) o e~ 2mi(kxthyy)

Signal z celého Fezu:
s(ker ky) o / p(x, y)e 2 lkthy) dxdy
(x,y)Elez

kde p(x,y) je hustota spind.

— I P¥ijimany signal je 2D Fourierovou transformaci p




Snimani k-prostoru

Snimani k-prostoru po ¥adcich.
Kazdy fadek jedna excitace

Trajektorie je uréena ¢asovym prib&éhem gradientd.



k-prostor (zevieobecnéni)

Demodulovany signdl
—27rj’y/ Gy(t)y + Gu(t)xdt
s(t) xe
Substituce

k(1) :'y/GX(t)dt k(1) :w/Gy(t)dt

S(t) o 27j (ku(t)x + Ky (t)y)



k-prostor, signal z ¥ezu (zevieobecnéni)

Demodulovany signdl z jednoho bodu:

s(t) o o~ 2mj (kx(t)x+ky (t)y)

Signal z celého fezu:

Skt (1)) o [ ploy)e RN axdy
(x,y)€rez

kde p(x, y) je hustota spind.

— IVzorkujeme F{p} po drize (kc(t), k,(t)) I




Echo Planar Imaging

sekvence

e Potatelni Gf, G, — polatek k-prostoru

e Daldi Gf, G, — prochdzeni k-prostoru

aa 180
RF 4 I
G, 'l
Gy —— Y

R _.wummmum_




Echo Planar Imaging

sekvence

e Potatetni G, Gy — polatek k-prostoru

e Dalsi G¢, Gy — prochdzeni k-prostoru
ee— L N A A A A

Gy

Detail ¢asového diagramu



Echo Planar Imaging

Trajektorie v k-prostoru

sk




Echo Planar Imaging

Trajektorie v k-prostoru

sk




Echo Planar Imaging

Trajektorie v k-prostoru

sk




Echo Planar Imaging

Trajektorie v k-prostoru
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Echo Planar Imaging

Trajektorie v k-prostoru
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Echo Planar Imaging

Trajektorie v k-prostoru

sk




Echo Planar Imaging

Trajektorie v k-prostoru
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Echo Planar Imaging

Trajektorie v k-prostoru

sk




Echo Planar Imaging

Trajektorie v k-prostoru

sk




Echo Planar Imaging

Trajektorie v k-prostoru

sk

Jiné trajektorie jsou mozné (spiralni)



Comparison: Spin Echo vs. EPI

2D SE 2D EPI
TR/TE =600/ 15 ms TR/TE =-/66ms ,
TA= 1min55s TA = 220 ms disiz




Application: Swallowing and Snoring




Application: Real-Time MRI of the Heart

Segmented EPI




Application: Real-Time MRI of the Heart

TrueFISP 2D
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Parallel MRI Reconstruction
using B-spline Approximation

Jan Petr!, Jan Kybic!, Sven Miiller?, Michael Bock?, Véclav Hlavag!
Center for Machine Perception
Department of Cybernetics,
Faculty Electrical Engineering
Czech Technical University, Prague
http://cmp.felk.cvut.cz/”petrj5

2Interventional Methods
Division of Medical Physics in Radiology
German Cancer Research Center, Heidelberg



Parallel Imaging - Aliasing

® Goal of the parallel MRI - increase the speed of the acquisition.
¢ Fraction % lines in k-space is acquired with preserved resolution:

e the acquisition is M times faster,

e it causes an aliasing in y coordinate only.

Full resolution Reduction 2 Reduction 4
M-1 ‘
S(xy) ay=1..Nu,Ny S =Y S@y+ma) y=1.a, a=iy

m=0

(®




Parallel Imaging - Multiple coils

¢ Standard MRI - a large receiver coil with homogeneous sensitivity.
¢ Parallel MRI

e [ smaller coils with spatial sensitivity C;(z,y),

e receive signal in parallel,

e varying spatial sensitivity,

e L =1...L Si(z,y) = S@y)Ci(z,y) @y=1..NyNy

Large coil Small coil 1 Small coil 2

[uy
N

w
=Y




SENSE reconstruction

¢ Find a linear operator R
o §=R[Y]
e Direct solution = large matrix inversion.
® SENSE - estimating operator R pixelwise R(z,y) = C ().
¢ Estimate the sensitivity coefficients from images without aliasing:
o Ci(w.y) = S(x.y)/Si(w.),
o filtering.
¢ Transformation from original image to the aliased image in the small coil:

Sty Cizy) ... Cizy+r(M-1)A) S(a.y)
. . - . . .

S (@) Crzy) ... Crlzy+(M-1)A) S (@y+(M-1)4)

e it is solved for each point independently using a pseudo-inversion.

N
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Parallel MRI reconstruction using B-splines

(e

N

¢ Disadvantages of SENSE:
e smoothing and extrapolating of sensitivity maps, ad-hoc thresholds,
e in each point independently,
o large number of unknowns.

¢ Proposed method (PBS):

e sensitivity and aliasing are linear transformations < reconstruction
transformation is chosen to be linear,

e sensitivity is smooth and changing slowly < the same should be valid for
reconstruction operator.

e Direct estimation of the reconstruction coefficients R approximated by
B-splines. Minimize the reconstruction error ¢ = ||S — R[S]*.
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PBS - Reconstruction

¢ Reconstruction is a pixel-wise linear combination.

¢ The reconstruction is computed for every aliased part independently.

5 L
® S@ytma) = S U@ S @)

L v
= Z/ 1(11,,,(.1:.(/) Z b(uxj/{m/A)

Si(y) + Si(y+a)

st

y=1..A
M1
m'=0
Q10(y) _ S‘(v,,)
Q@ <>~ — — —_ > ®
~ &
a1(y) \\:A (y+4)

N

I
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PBS - Estimation

—
(@
N

* S(m,w should depend only on values S;(z,y) and not on values Sj(z,y+mA) for m#0

- the orthogonality condition is set for the reconstruction coefficients

L

=1

¢ Without these condition, the estimated parameters does not reflect the coil

configuration.

S(z.y+mA)

Z‘”'”(”"‘/>‘91("”’+”’/A) = { 0

/
for m=m

/
for  m#m

Si(y) Q10(y) ‘58
L
L -~
) —
~ -
-~
. ) ~ ~
b;(,wm/ - a0(y) ~ aSw+a)
4 Qq1(y)
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B-spline approximation

The smoothness of the reconstruction coefficients is expected = approximation
by B-splines.

¢ B-spline 37 is a p-fold convolution of a box function.

B-splines - good approximation capabilities and compact support.

=

i

Nj
Z (Imz7!31)(#*0"}})(%*/)

A (,y)

HM

Notation - F(x) = [P( i) BP(je—3) X=(z,y), I=(i,5)

¢ Good approximation is made by B-splines of order 2 and 3

¢ Usually 4x4 to 10x10 B-splines are used

WAAA
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Reconstruction error

(e

N

® =3 HZ(;],”U Br(X) Sy(x+ma)) — S(X+mA)
X |71

+ 2 X

2

2

> gmu B1(X) Si(X+m'A)
m/#m X || 11

¢ The derivative with respect to g, is computed for each m,I,{ and set to zero.

@ It leads to a set of M - N; - N, - L equations with the same number of unknowns.

¢ Vm=0..M—1 - a set of equations B, = A,,, - G, where

e B,, is a vector [Z Br(X) S} (X+mAa) S(X+ma) |,
X

o A, is a square matrix [y fu(X) fr >

ot Sir(Xetm!A) SF(Xe+m'A)],

e G,, is a vector of unknowns [g,,1].

e The solution is get by the inversion of the matrix A,, -

vm

Gn=A""-Bn
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Variable density scan

Image full sampled in the center of k-space and interleaved in the outer parts:

o high-resolution image with aliasing - reconstruction,
e low-resolution image without aliasing - estimation,
e extra lines = extra time,

e no pre-scan,

e same coil configuration for estimation and reconstruction.

Resampling of B-spline basis.

Sampling in k-space

Variable density scan Low resolution, no aliasing

High resolution, aliasing
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Absence of the reference scan

(e

N

¢ Estimation of the complex body-coil image - S(z.y) = > Si(a.y).
[

¢ Better SNR is gained using SoS combination - S(xz,y) = \/X [SE ()|
[

e Reconstruction from images with aliasing is not linear.
e Reconstruct full-resolution unaliased image S; for each coil separately

" Y v—1 . Q Y Y
(Si@w) = Ci(z9) Cp~ (29) Sy(ay) = Crpr(a.y) Sp ().

o Sum-of-squares is used to get S(x.y) = > ‘S}(Ix;/)‘z
1
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Results - Acceleration 2x

3 different methods with acceleration factor 2

GRAPPA, SNR = 53dB SENSE, SNR = 57dB PBS, SNR = 49dB




Results - Acceleration 4x

3 different methods with acceleration factor 4

GRAPPA, SNR = 47dB  SENSE, SNR = 36dB PBS, SNR = 40dB




)

Results - summary G

(

Acceleration factor 2:
e SENSE and PBS - no artifacts, GRAPPA - low number of artifacts,
e PBS error < GRAPPA error < SENSE error.

Acceleration factor 4:

e SENSE - no artifacts, PBS - low number of artifacts, GRAPPA - too much
artifacts,

e GRAPPA error < PBS error < SENSE error.
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Conclusion (A

¢ New method for parallel MRI developed and implemented.

¢ Results were compared with commercially implemented method with good results
(only one image used == need more data).

¢ The theoretical time complexity is comparable - need to be implemented in MRI
scanner.

¢ Future work
e Estimation assuming noise in input images.

e Optimize the speed of the estimation for a sequence of images.

[uy
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Vliv Sitky pasma

e MiZeme volit vzorkovaci frekvenci fiamp

. .y fsam v s
e Pro zachovani stejného FOV = ’YG: mé&nime Gy




Vliv Sitky pasma

e MiZeme volit vzorkovaci frekvenci fiamp

s s . f;am v 7/
e Pro zachovani stejného FOV = =2 ménime Gf

vGr
90 180 90
w 4——t +—
Gs I1 I n__
Gy —1 1
6 — L1 L
Echo
S e —
| TR |
I TE I

rychld foamp



Vliv Sitky pasma

e MiZeme volit vzorkovaci frekvenci fiamp

s s . f;am v 7/
e Pro zachovani stejného FOV = 'YGFP ménime Gr

RE _‘“90 +180 90

G: I1 I m

1
I
I TE I

pomald famp



Vliv Sitky pasma

e MiiZeme volit vzorkovaci frekvenci fgamp

e Pro zachovani stejného FOV = %

o NiZsi v
@® Méné Sumu

© VE&tsi chemicky posun

© Mensi kontrast

© Mensi rozsah Tg (stejny polet vzorkil trva déle)

ménime G¢

zorkovaci frekvence



Vliv Sitky pasma

e MiZeme volit vzorkovaci frekvenci fiamp

. .y fsam v s
e Pro zachovani stejného FOV = % mé&nime Gf

faamp = 16 kHz (v&t3i Sum)



Vliv Sitky pasma

e MiZeme volit vzorkovaci frekvenci fiamp

. .y fsam v s
e Pro zachovani stejného FOV = % mé&nime Gf

faamp = 3 kHz (chemicky posun)



Chemical shift imaging

(Fat Suppression/Potlageni tuku)

e Chemicky posun = zmé&na f dle slou¢eniny (chemickych
vazeb)

e Zobrazovani jen jednoho typu latky, nejéastéji potlaceni tuku



Chemical shift imaging

(Fat Suppression/Potlageni tuku)

e Chemicky posun = zmé&na f dle slou¢eniny (chemickych
vazeb)

e Zobrazovani jen jednoho typu latky, nejéastéji potlaceni tuku
e Inversion recovery s T, =~ T; log?2

_n _Ir. _TIE
Socg(l—2e T +4e Tl)e T2

jsou-li T7 rozdilné

Fat

/Water
TI

Signal




Chemical shift imaging (2)

Saturace frekventné selektivnim impulsem pfed samotnou
sekvenci — M, magnetizace vybrané latky O

Defazovaci gradient (M, — 0 pf¥i snimdnf)
Spin-echo sekvence

By musi byt velmi homogenni, T; musi byt dostate¢n& dlouhy

RE ' a0 +180




Zobrazovani T, Ty, p

e U béZnych sekvenci intenzita zavisi na Ty, T2, p

o Cht&jme Ty, T», p zjistit presn&



Zobrazovani T, Ty, p

e U bé&Znych sekvenci intenzita zavisi na Ty, T, p
e Cht&jme Ty, To, p zjistit presné

e Sekvence obrazi s riznymi Tg




Zobrazovani T, Ty, p

U béZnych sekvenci intenzita zavisi na Ty, T», p
Cht&jme Ty, Ty, p zjistit presné&
Sekvence obrazii s riiznymi Tg

Zavislost s na Tg pro kaZzdy pixel — T>

Signal

TE



Zobrazovani T, Ty, p
e U bé&Znych sekvenci intenzita zavisi na Ty, T, p

TEs TRg TR;

e Cht&jme Ty, To, p zjistit presné

e Sekvence obraz( s riznymi Tg

TRy TRy



Zobrazovani T, Ty, p

U béZnych sekvenci intenzita zavisi na Ty, T», p
Cht&jme Ty, Ty, p zjistit presné&
Sekvence obrazii s riznymi Tg

Zavislost s na Tg pro kaZzdy pixel — T3

Signal

TR



Zobrazovani T, Ty, p

e U béZnych sekvenci intenzita zavisi na Ty, T, p
o Cht&jme T1, T», p zjistit pFesn&
e Znédme-li T1, To, s — p



Zobrazovani Ty, Ty, p (2)




Zobrazovani Ty, Ty, p (2)




Zobrazovani Ty, Ty, p (2)




Zobrazovani Ty, Ty, p (2)

3D histogram



Zobrazovani Ty, Ty, p (2)

Segmentace
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Kontrastni latky

e Ovlivnéni (zkraceni) Ty & T

e Typicky paramagneticky kov (Gd). Komplex pro sniZeni
toxicity.

e Lze pozorovat:

e ZvySenou vaskularitu

e Zvygenou afinitu tkdni (nddoru) ke kontrastni latce
e pH

e kontrast Ca*"



Kontrast - pokrac.

« Zmény protonové hustoty je mozné dosahnout dodanim
velkého mnozstvi vody, nebo naopak dodanim mineralniho
oleje (zvyraznéni gastrointestinalniho traktu) nebo
dehydrataci.

« Zmeény kontrastu (vybarveni) se dosahne také pomoci
zmeny relaxacnich viastnosti jednotlivych tkani.



Kontrastni latky

Silna paramagneticka ¢inidla:

« kyslicnik dusi¢ny, kysli¢nik dusny, molekularni kyslik

+ stabilni volné radikaly (pyrrolidine-N-oxyl, pyperidin-N-
oxylové radikaly)

» Kationty kovu Dy3*, Ni2*, Fe2* Cu2*, Cré*, Fe®* Mn2*,
Mn3+, Gd3*

T, relaxivita (mM-' s-1)

volny  EDTA DTPA DOTA  EHPG
Gd* 9.1 6.6 3.7 3.4
Fe* 8.0 18 0.7 1.0
Mnz* 8.0 2.0 1.1
Dy** 0.6 0.2
crt 58 0.2

EDTA - Ethylendiamintetraoctva kyselina

DTPA - Diethylentriaminpentaoctova kyselina
DOTA - Tetraazacyklododekantetraoctova kyselina
EHPG - Ethylenbis-(2-hydoxyphenylglycin)



Kontrastni latky - pokrac.

Nejznaméjsi - Gd-DTPA

fyziologicky podobna dal$im kovovym chelatum (EDTA a
odvozené), popsana v roce 1984, schvalena v roce 1988.
Po aplikaci se micha s plasmou, vstupuje do prostoru
extracelularni kapaliny, minimalné intracelularné, nasledné
se vylucuje madi.

polo¢as vyloucéeni - 60 - 90 minut.



HOOCCH, _GH,COOH
AN _/\ 2

™CH,COOH
HOOCCH/ CH COOH 2

DTPA

(polyaminoaminovy

dendrimer)

SCN-Bz-DOTA
(tetraazacyklododekantetraacetatova kyselina)



Vzacné plyny

o 129%e, 3He
e Polarizovany 12°Xe: opticky excitované Rb + kolize
e Polarizace 10°x klidova, v = 11.8 MHz/T, T; = 15 ~ 405



Vzacné plyny

° 129Xe, 3He
e Polarizovany 1?9Xe: opticky excitované Rb + kolize
e Polarizace 10°x klidovd, v = 11.8 MHz/T, T; = 15 ~ 40s

spin echo + Xe, mozek krysy



Application: ®He Lung Ventilation MRI

3He MRI

| . FLASH2D
. { t 1 . 130 ms/image
M . LY - n, - ~ « Healthy
f - volunteer

Kauczor HU et al., Uni Mainz

disfz




—Application:*HeLung-Ventilation-MR

61y TBC patient

volunteer

Kauczor HU et al., Uni Mainz
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Zobrazovani toku / MRI angiografie
(Flow Imaging)

Zobrazovani rychlosti toku.
e Time-of-flight (intervalova metoda)
e Phase contrast (fazovy kontrast)

e Contrast enhanced (s kontrastni ldtkou)



Time-of-flight angiography

(Intervalovd metoda)

e 90° a 180° impulsy s rliznou frekvenci

e Jen objem na ktery plsobi oba impulsy da signdl

RF.,“ 0 * 180

G: 1 I

90" Slice 180° Slice
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Time-of-flight angiography

(Intervalovd metoda)

e 90° a 180° impulsy s rliznou frekvenci

e Jen objem na ktery plsobi oba impulsy da signdl

RF.,“ 0 * 180

G: 1 I

90" Slice 180° Slice



Phase contrast angiography
(Fazovy kontrast)

e Bipolarni gradient
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Phase contrast angiography
(Fazovy kontrast)

e Bipolarni gradient

e Celkovy integral nulovy — bez efektu pro stacionarni spiny
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Phase contrast angiography
(Fazovy kontrast)

e Bipolarni gradient
e Celkovy integral nulovy — bez efektu pro stacionarni spiny

e —— ovlivni spiny pohybujici se ve sméru gradientu

G| [} Rl N A
R, Y,

positivni negativni




Phase contrast angiography (2)

Casovy diagram

P¥idame bipolarni gradient (BPG) do b&zné sekvence
Obraz s pozitivnim a negativnim BPG, odecteme
—— jen pohybujici se spiny

— signdl roste s rychlost (pokud faze < )

90 (180 a0 180
RF +—+ H

%
]




Phase contrast angiography (3)
P¥iklady

Koronalni projekce hlavou



Phase contrast angiography (3)
P¥iklady

Axidlni projekce hlavou



Application: Aortic Flow Measurements




Application: Renal Flow Measurements
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Application: Renal Artery Flow Measurements

—=— Pre-operative]

200 400 600 800 10
time [ms]

ra

¢ a I (o
Schénberg S et al., DKFZ (Koop. Allenberg Uni HD)  (
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Contrast enhanced angiography
(Angiografie s kontrastni Iatkou)

Injekce paramagnetické latky do krve

— velmi kratka T; krve vidi tkani

Kratky Tg (rychlé 3D sekvence)

— potlaleni signdlu z tkané&, jsou vidét jen cévy

Nejlepsi kontrast z angiografickych metod



MR angiografie

S kontrastni latkou.

Nativni angiografie (bez
kontrastni latky)




Application: Temporal AVM

STAR
Tl =100-1000 ms

TOF MRA




Application: High-Res Lung MR Angiography

» CE 3D MRA
. FLASH3D
« iPAT: mSENSE, 2
« TR/TE =8.3/1.3ms
« a=50°
+« FOV=440mm
« 512 matrix

voxel size =
1.1x0.9x0.9mm?3




Application: Lung MR Angiography




Application: Lung MR Angiography




Application: Arterio-Venous Malformation




Application: MR Angiography of the Aorta

/ 2
Y .

|
4
. ]
~ -
JRE
|
|
TrueFisp Subsecond 3D MRA
Patent Ductus Arteriosus

Courtesy: NWU Chicago




Application: Coronary Artery Imaging

Courtesy: Debiao Li, NWU, Chicago




Application: Black Blood MR Angiography

Courtesy: G. Marchal, Leuven, Belgien




Application: Black Blood Coronary MRA

Courtesy: Philips, Best, NL




Application: Abdominal MR Angiography




Application: Peripheral MR Angiography
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original

uncorrected

corrected

Perfusni MRI

e Sledujeme kontrastni latku, subtrakce reference




Application: Stroke Diagnostics

perfusion
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Tagged MRI

Vytvofime virtudlni znacky které se budou deformovat s tkani
Saturace vybranych rovin, vydrzi asi ~ 700 ms

Simple spatial modulation of magnetisation (SPAMM)
sekvence

e 90° RF impuls — transverzalni magnetizace

e Gradient vytvofi prostorovou modulaci faze

e Druhy RF impuls — longitudalni magnetizace

——Periodickd modulace klidové magnetizace, lze i 2D




Carnegie Mellon

2-D Cardiac MRI Images

M frames per slice
iy

;;47%
V) S
aiee]| < ORI

.

sparse displacements  dense displacements

QO ERENEERNE Proc. Annual Meeting ISMRM 2003

National Center for
Research Resources

Y. Sun, Y.L. Wu, K. Sato, C. Ho, and J.M.F. Moura, @
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Difusni MRI

(Diffusion tensor imaging)

e Zobrazujeme prostorovou difusivitu vody

e Podobné jako angiografie fazového kontrastu, ale rychlosti
jsou mnohem mensi

e Vysledkem je tenzor difusivity
e Pro studium konektivity nervovych vldken
e Pro odhad vodivosti — modely pro EEG/MEG



Difusni MRl — p¥iklady

http://people.csail.mit.edu/lauren/dtmri.html
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Difusni MRl — p¥iklady

O/
% &

http://people.csail.mit.edu/lauren/dtmri.html
p://peop.
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Spektroskopické zobrazovani

(Spectroscopic imaging)

f=~B

e Chceme zjistit NMR spektra v prostoru = prostorovou
zavislost ~y
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zavislost ~y

¢ Dekonvoluce — zname-li prostorové rozloZeni tkani

e Je moZné zjistit spektrum slozek
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Spektroskopické zobrazovani

(Spectroscopic imaging)

f=9B

e Chceme zjistit NMR spektra v prostoru = prostorovou
zavislost ~y

e Dekonvoluce — zndme-li prostorové rozloZeni tkani

e Je moZné zjistit spektrum slozek

A
||

° |

spektra



Spektroskopické zobrazovani

(Spectroscopic imaging)

f=+B

e Chceme zjistit NMR spektra v prostoru = prostorovou
zavislost ~y

¢ Dekonvoluce — zname-li prostorové rozloZeni tkani

e Je moZné zjistit spektrum slozek

I(x) ]

b4

celkovy signal



Spektroskopické zobrazovani

(Spectroscopic imaging)

f=+B

e Chceme zjistit NMR spektra v prostoru = prostorovou
zavislost ~y

¢ Dekonvoluce — zname-li prostorové rozloZeni tkani

e Je moZné zjistit spektrum slozek

I(x) i

b4

Ize odecist &ast odpovidajici A



Spektroskopické zobrazovani (2)

Abychom dostali signél jen z malého objemu:
e Lze pouzit povrchové civky s omezenym dosahem

e Naruseni pole By feromagnetickymi latkami



Spektroskopické zobrazovani (3)

(Topical Magnetic Resonance)

e Aby bylo spektrum rozeznatelné, musi byt By homogenni

e Neni-li By homogenni, spektrum neni pozorovatelné



Spektroskopické zobrazovani (3)

(Topical Magnetic Resonance)

Aby bylo spektrum rozeznatelné, musi byt By homogenni
Neni-li By homogenni, spektrum neni pozorovatelné
Vytvofime By homogenni jen tam, kde chceme zobrazovat

Variace proudu v B, civce. Podobné& v ostatnich osich.

B,




Spektroskopické zobrazovani (4)

Slice Selective Techniques

e RF selektivni pulsy ve vSech tfech osach

90 180 180
RF + + +

G, Il
Gy I
G, I

s _W




Spektroskopické zobrazovani (4)

Slice Selective Techniques

o RF selektivni pulsy ve v8ech tfech osach

e Jen prinik ¥ezil je excitovan
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Spektroskopické zobrazovani (4)

Slice Selective Techniques

RF selektivni pulsy ve v8ech tfech osach

Jen prinik ¥ezl je excitovan

Point resolved spectroscopy (PRESS)

Stimulated echo acquisition mode (STEAM)

Elected volume excitation using stimulated echoes (VEST)
Image-selected in vivo spectroscopy (ISIS)

Depth-resolved surface spectroscopy (DRESS)



Spektroskopické zobrazovani (4)

Spectroscopic Imaging

e Ziskame spektrum pro kazdy voxel

e Zikladni metoda je zaloZend na 3D zobrazovani (volume
imaging):
e Poloha je kédovana fazovymi gradienty G, G,
e Jedna excitace pro kazdou kombinaci G, G,
e Frekven¢ni gradient neni pouZit
e Frekvence nese informace o spektru

7 A

o Voxely musi byt velké — spektroskopicka Sitka spektra <
polohové kddovaci §itka spektra



Spektroskopické zobrazovani (5)

Prostorové-spektralni zpétna projekce

1D vzorek



Spektroskopické zobrazovani (5)

Prostorové-spektralni zpétna projekce

T
A g

spektra



Spektroskopické zobrazovani (5)

Prostorové-spektralni zpétna projekce

|
I

spektra jako 2D signal

>y



Spektroskopické zobrazovani (5)

Prostorové-spektralni zpétna projekce

>y

Silny Gy — projekce dle x




Spektroskopické zobrazovani (5)

Prostorové-spektralni zpétna projekce

X
F 3

>y

M AR

Homogenni B — projekce dle f




Spektroskopické zobrazovani (5)

Prostorové-spektralni zpétna projekce

|
1

Vhodny gradient — projekce dle libovolného thlu — zpétna
projekce




Spektroskopické zobrazovani (5)

Prostorové-spektralni zpétna projekce

g,

4.9 <5< 5.5 ppm

1.7 <6< 2.4 ppm 1.7 <5< 2.4 ppm

P¥iklad, holen.



in vivo MR spektroskopie

YOI

NAA - N-acetylaspartat
Cr - (tosfo)kreatin
NaA Cho - cholinové slouceniny
‘ Ins - myo-inositol
| Glx - glutamat, glutamin,
} | GABA
Er Lac - laktit

Lip - lipidy

|
|
('im#§
|
|
|

l

a2 0 2e a8t

o ppm

TH spektrum z lidského mozku, 1.5 T, sekvence STEAM,
TE=10 ms
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Application: 2Na MRI of the Heart

Extracellular
3 Na+

Intracellular




Electron Spin Resonance

(elektronova resonance)

Pouziva spin elektronu misto spinu nukleonu

Signdl davaji neparové elektrony — v pfirod& Fidké

Sondy (kontrastni Idtky) pro studium biologického materidlu.
Mnohem v&tsi frekvence (y ~ 28 GHz/T)
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