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Objev jaderné magnetické rezonance (NMR)

Mﬁzessi ons-

bewegung cines Kreisels

Felix Bloch Edward Purcell

Stanford Harvard
- - nukledrni magnetickd rezonance
postion of detector wre
1945

rezonancni experiment
s magnetickymi vlastnostmi jadra
CEE
A4 The Nobel Prize in Physics 1944

'] "for his resonance method for recording
4 the magnetic properties of atomic nuclei"

The Nobel Prize in Physics 1952

A “for their development of new methods for nuclear magnetic
precision measurements
and discoveries in connection therewith"

FBMI Kladno 29.11.2019 J. Tintéra: Historie a souc¢asnost MR




Chemicka 50, a 60, |éta NMR Biologicka 70, |éta; uplatnéni v mediciné?
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Raymond Damadian

1971:
relaxacni konstanty
tkani a tumoru se lisi
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R zobrazovani (MRI) a spektroskopie ,in vitro“

Paul Lauterbur
1973: 1. MRI zkumavky s vodou " o

Peter Mansfield = :
1973: teorie k-prostoru
1977: navrh Echo-Planar imaging (EPI)

1 :»Y The Nobel Prize in Physiology and Medicine 2003

“for their contributions to magnetic resonance imaging"

Paul Lauterbur @ Peter Mansfield

structure and connectivity 7
. of the most complex molecules §

~ Richard Ernst .
~ 1975: navrhl frekvencni a fazové kodovani NMR signalu
a pouziti Fourierovy transformace
Gradient magnetického pole:
prostoroveé kodovani signalu

ZANLLER B¢
— LD The Nobel Prize in Chemistry 1991
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| Pryni skener MR .in vive” IR 4

S

Raymond Damadian

1977: 1. celotélovy MRI — ¢as meéreni 4,5 hodiny

in Damadian’s machine, patient Dr. Minkoff
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TOMOGRAFIE
-nekrvavé

1, MR v CR; IKEM, prof, Alfréd Belan

4; zminka o MRI? | Siemens Magnetom 1.5 T GBS 2
N Supravodivy magnet 1,5T

gradienty 10 mT/m
slew-rate 10 T/m/s

1-kanalovy RF systém
CP RF civky
jadra: 'H, 3P, 22Na

= §
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IKEM 1,1,1988: Zahajeni proyozu 1. MR tomografu
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gradientni
civky
XY,Z

Body RF civka
(transmisni)

Historicky vyvoj

1990

2000

2010 2019

,.' | 7 r‘T 'I« T (/;-?:;_:'{.%: ,,‘!
supravodivy [ E e
R Rs

magnet

Magnet: vytvoreni magnetizace
Gradientni systém:
prostoroveé kodovani signalu

RF systém:

excitace magnetizace

a snimani MR signalu

pacientské
lGzko

SV magnety 1,5

i
Hardware |

SV magnety 3 T SV magnety 7

RF technologie

Paralelni akyvizice

Spérsity
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MAGNETOM
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1977
First successful M g gnety:
in Damadian’s i , i
= roste zastoupeni vysokych poli
= veétsi otvor pro pacienta

= kratsi tunel
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Moderni design
gradientd s

Gradientni systém PNEBRY iroroducea by

Jedno-vrstvé Aktivné stinéné | | (Asymetrické) hlavové, | | Dedikované systémy:| | Velky diametr
Shim | gradientni civky | | gradienty nebo planarni gradienty| | hlava / celotélové a vysoka G,
civky | G~3mT/m G~ 10 mT/m G~ 20 mT/m G ~ 40 mT/m G ~ 45-80 mT/m

SR ~ 2 T/m/s SR~ 10T/m/s | | SR ~ 50 T/m/s SR ~ 200 T/m/s SR ~ 200 T/m/s

Gradienty
projektu Connectome

All channels (X1-X4,Y1-Y4,Z1-Z4) are fed with the same gradient shape and preemphasis

Gradient design minimizes coupling between segments

N ) 80 mT/m, SR 700 T/m/s
| &) 1980 20 mT/m, SR 160 T/m/s hlavové gradienty

umoznuje EPL 149 mT/m, SR 200 T/m/s
kardio / EPI gradienty

HOST g 2 —— N

N\
MRIR UU ol "

Sy Maximalni amplituda 300 mT/m
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SNR maps, 3T brain arrays

h
4 Head <
N [atrm\

Neck!/ 12¢ch
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Konvencni BEGLE | e
transmit [E0ICE) ‘

Faze=90°

Cirkularné polarizovana Excitace plného FOV

Multi-transmit JaEE A
,TrueForm* amplituda

Faze=90°

Excitace plného FOV

. .. WALEY
Multi-transmit libovainy

»IrueShape®  ESETRAS
amplitudy
ifaze

PIné paralelni transmit Excitace omezeného FOV

Nehomogenita obrazu
redukovana

Redukce nehomogenity
a distorzi,
Zadné preklapéni
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N . Praha 22 (6 x 3T)
Dnesni MR tQngfy Malg:_?té T 8o 11 (5 x 3T)

Ostrava 4 (0 x 3T)
Gradienty: az 300 mT/m

celkem v CR ~ 100 MR
RF systém:

Desitky paralelnich pfijimacich kanalt

Body RF civka i
(transmisni) E

_ ;{ 20-kandlova
e % hlavo-krcni civka

head RF civka
(pFijimaci)

array RF civky
(prijimaci)

64-kanalova

pacientské . \ : ; hlavo-kréni civka
luzko A i i
y magnet A . i _
Roste zastoupeni vysokych poli [ — ‘ D on
vykon gradient e

pocty RF kanalu

gradientni
civky
XY, 2

-

4w

N
e
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Magnet: 1,5T
Gradienty:
G, :10mT/m

max*

SR: 10 T/m/s
RF systém:

17X, 1Rx kandl |

Magnet: 1,5T
Gradienty:
G :45mT/m

max*

SR: 200 T/m/s
RF systém:

Magnet: 1,57
Gradienty:

Magnet: 1,5T
Gradienty:
G, 25 mT/m
SR: 125 T/m/s
RF systém:

1 TX, 4 Rx kanaly

Magnet: 3T

Gradienty:
G_.:45mT/m

max*

SR: 200 T/m/s
RF systém:
1 TX, 18 Rx kandlii

Nastava éra paralelniho zobrazovani!!!
3D spmove echo a dals: rychlé sekvence...




Sekvence pro MRI
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Nova generace rychlych sekvenci: ~ 2000

gy 2000 Sep:216(3):891-0.

Optimized single-slab three-dimensional spin-echo MR imaging of the brain.

Robertson RL, Jolesz FA, Brookeman JR.

Magnetic Resonance in Medicine 49:395-397 (2003)

Is TrueFISP a Gradient-Echo or a Spin-Echo Sequence?

Klaus Scheffler” and Jiirgen Hennig

Magnetic Resonance in Medicine 48:684-688 (2002) |

Are TrueFISP Images T,/T,-Weighted?

Teng-Yi Huang,"? Ing-Jye Huang,"® Cheng-Yu Chen,? Klaus Scheffler,?
Hsiao-Wen Chung,’?" and Hui-Cheng Cheng*

TrueFISP
FIESTA
bFFE

voxel: 0,7 mm iso




Gd-DTPA

co,

0 N[ /o
N N N

‘ozc _/ Gd*3 \_ Coz'

Prvni mtravaskularn

Gadoversetamid (Optlmark] Ilnearnl

; » Gadodiamid (Omniscan) L EE
' - Gd-DTPA (Magnevist) L EE
- Gadobenat (MultiHance) linearni

- Gadoxetic acid (Primovist) I EE

« Gadobutrol (Gadovist) cyklicky

« Gadoteridol (ProHance) cyklicky

- Gd-DOTA (Dotarem) cyklicky

Gd-DOTA (Clariscan) cyklicky

VaSOVISt (SCherl ng‘ 2008 US action starlsw.ng 11 drug firms o $10m, claiming his wife was

pouze intraartikularne
pouze na jatra
pouze na jatra
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Kontrastni MR angiografie

| | Martin Prince
NS 1994: kontrastni MRA

Popliteal Artery Ancurysm

\ ‘ . !f:::vl —— ;
’,.\::“oo Prince MR, Yucel EK, Kaufman JA, Harrison DC, Geller SC.
! l"’OV'ﬂ"t:ﬂ'// -

J Magn Reson Imaging. 1993 Nov-Dec;3(6):877-81

o i i
| I IKEM 1998:
| PN 2l renalni tepny
- \
IKEM 2019:
EEIIRE 1Y il e

e

’—’.

J: inté'rai)listorie a soucasnost MR
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Nativni MR angiografie

Charles Dumoulin
1987: MRA

anglio program pro

intera

vyber pacienta
okno

zadani oblasti
zadani vstupy
subtrakce

kore
vybe| mer. voxel:

vybe| poloha 1.vrstyy: -6.8
usch| celkova tloustka: 12.98
file

kone ]

MRA v roce 2019
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2

Seiji Ogawa

S.Ogawa, D.W. Tank, R. Menon,
J.E. Ellerman, S.G Kim, H. Merkle and K. Ugurbil,
Proc. Natl. Acad. Sci. USA 89, 5951 (1992)

Funkéni MR mhrazqvafn!'; 1992

functional MRI

up | Macro

SCik]_i_}_NCE
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BRAIN CONNECTIVITY
Volume 1, Number 1, 2011

Functional and Effective Connectivity: A Review
A (

Sensorimotor network (Cordes et

- e 0 @ @
- ¥ N

‘ Visual network (Lowe et al., 199¢ A

Karl J. Friston

Large-scale brain networks and
psychopathology: a unifying triple
network model

Auditory network (Cordes et al., 2000. AINR) | MEIESES

; - . | Fronto-parietdini CEN:
Gl N | pracovni pamét
executive
network . pozornost

X=42 Y =-58 Z=36 SN:
detekce a mapovdni
vyznamovych externich

Functional segregation Functional integration Hiahaies v, o0 c -
(activation) publications per year (connectivity) network pOd’net‘{ a lnternlCh
uddlosti
BRAIN
DMN:
Dot self-referencni mentdlni
1995 2000 2005 btk aktiVita

year
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Stimulovaneé fMBI:‘%Q;g
motorika a verb

test verbalni fluence motorika LHK
- oblicejové svaly - motorika PHK
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thrazei difuze: DWI

Ed Stejskal

E. O. Stejskal and J. E. Tanner,
J. Chem. Phys., 1965, 42, 288-92

- — v

B

’2.?“

f?‘

Moseley ME at al.

DWI 1995:
single shot EPI

Magn Reson Med. 1990 May;14(2):330-46
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—— DWI a DTI; 2005 - 2019

n‘ ‘
' ¢
£ B -
-~
& r oy
DWI 2017:
single shot EPI
IKEM 2005
G”W - n]'TQnﬂf ms
Connectome
project

b 15,000 s/mm?, A 37 ms
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Zgbrazsam §rds:ﬁ. komplexni diagnostika

4(5 ! pozdné post- kontrastnl skeny @

v‘qu Al SFES q
Mo S
e ‘

Lo,
)

¢ post-kontrastni T1 mapa |
| Kladno 29.11.2019 f { J Tmfera Hlstorfea sou‘iasgésﬂ/lR




Rozvoj paralelniho zobrazovani od ~ 2005

Jak jesté zrychlit?

Y 4 =

V i

/ ‘V )
KA
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Podvzorkovany'

Array-civky "7, L ostor

SERE

SHaT o

T At

Podvzorkovany

Array-civky k-prostor

Parcialni obrazy

Doplnény
k-prostor

Kompletni
obrazy

A

Kompletni

obrazy

8|

SENSE

= faktor zrychleni
= podvzorkovani
k-prostoru

= efektivita roste
s poctem RF civek

GRAPPA
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Paralelni techniky v soucasnosti;: Sparsity

| GRAPPA CAIPIRINHA

Avanto Fit
* IKEM 2017

Jen obménou profilu akcelerace mizeme
dosahnout vyrazné lepsiho vysledku!!!

Controlled Aliasing in Parallel

2D Standard o= 2D CAIPIRINHA i Imaging Results in Higher Acceleration
2x2 2% 2 (CAIPIRINHA)
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Compressed
Sensing

Thresholded
W—space W—space
(Wx) (WX)ihwesh

N I Inverse
Thresholding . w

i i
transformation transformation

—

if

s % Inverse
Subsampling A Image = threshold (e),
it | Low resolution image E and n < Ny FFT
center only .
Incoherent - else \ . final
. ) subsompling " complete \ :
" y -
( t 5
s 1a\
4 ” Masking
with
\—_/ — A;j:.n(’slto measured
Subsampling | ithi optimized ety
2 mage wi L1 P
50 % of Lines ¢ image

Transform

sparsity B Subtract
Hilaye 4 measured k-space

- Data ® A N_—g") A
consistency & !
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Siemens
VIDA 3T
2019

64-kanalova civka
A4 V4 ‘ Ay
rozliSeni: 0,7 x0,7 x 0,7 mm |=
c¢as meéreni: 7 min

64-kanalova civka ¢
rozliSeni: 0,9x0,9x0,9mm |/ =~ =m0 |
cas méreni: 8 min % |
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Nativni
MRA
3D PC

.

FBMI Kladhe. 20 71:2080 <

iy Tintéram




Siemens
VIDA 3T
2019

{{
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A\ 18-kandlovd

|

16-kanalova
ramenni
civka

‘-‘ »
ot I

Tx/Rx kolenni
civka

g
( {
"' 3
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S jidlem roste chut

Ultra-high field 7T:

noveé szantl zvysit rozliseni

Pomér S/S roste Imearn

Lepsi rozliseni a S/S u DTI

leze dosahnout

BOLD efekt roste s polem: |

FBMI Kladno 29.11.2019

Submilimetrové rozliSeni
a dobry kontrast

Efekt susceptibility :
nové moznosti pri SWI
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Look to the future?

Ax FLAIR

Sag FLAIR

HemoFlash

Diff (ADC)
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