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Eldadas vazlatosan

 Torténelem

* Tulajdonsagok, eloszlas, energiaszintek
* T1 és T2 relaxacio, precesszio

* MR hardver: magnes, tekercsek

* Gerjesztés, alapszekvenciak: fid, echo

* Lokalizacio, szeletkivalasztas

* Frekvencia és fazis kodolas, fast imaging
* Biztonsag, a mi MR-unk, peldak

Joseph P Hornak PhD: The Basics of MRI

http://www.cis.rit.edu/htbooks/mri/



Tortéenelem |.

* 1934-39: Rabil

— Proton magneses mometum
— RF spektrum, magneses gradiensek

* 1946: magneses rezonancia jelensége
—1952: Bloch & Purcell — Nobel

* 195x — 6x: nem képalkotd eszkoz (NMR)
* 1972: CT

— Hounsfield

Joseph P Hornak PhD: The Basics of MRI

http://www.cis.rit.edu/htbooks/mri/



Tortenelem II.

* 1973: backprojection MRI — Lauterbur
* 1975: Fourier imaging — Ernst ("91: Nobel)

* 1977: echo planar imaging (EPI) —
Mansfield

* 1980: Fourier transzform. MRI — Edelstein

* 1986: gradiens echo, multi slice (5 min)
* 1987: MRA — Dumoulin

* 2003: Lauterbur & Mansfield — Nobel dij

Joseph P Hornak PhD: The Basics of MRI

http://www.cis.rit.edu/htbooks/mri/



Elemek magneses tulajdonsagai

@@ St e Joseph P Hornak PhD: The Basics of MRI
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Boltzmann eloszlas

* N/N*=eF* ahol
— k: Boltzmann konstans (1.3805 10 J/K)

Joseph P Hornak PhD: The Basics of MRI
http://www.cis.rit.edu/htbooks/mri/



Zeeman splitting (V2 spin)

* E=hyB, ahol
— h: Plank allandé (6.626 10 J s)
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Spin csoportok

* N/N*=eF* ahol
— k: Boltzmann konstans (1.3805 10% J/K)

Joseph P Hornak PhD: The Basics of MRI
http://www.cis.rit.edu/htbooks/mri/



Osszes magnetizacio

* Fold magneses térereje: 2-5 10° Tesla
—1 Tesla = 10* Gauss

z
X Y

( ] S Joseph P Hornak PhD: The Basics of MRI

KOZPONT http://www.cis.rit.edu/htbooks/mri/



T1 relaxacio: ,spin-racs”

* Kitéritjuk egyensulyi helyzetébol a
rendszert
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T1 relaxacio: szaturacio

* Mz = MO (1 — e¥*™)
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T1 relaxacio: inverzio

+ Mz = MO (1 — 2e™)
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Precesszio: Larmor egyenlet

* v0 =y BO, ahol
— 0: Larmor frekvencia
—v: gyormagneses egyutthato (H: 42.6 MHz/T)
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T2 relaxacio: ,spin-spin”

/T2

* Mxy = Mxy0 e
— A faziskoherencia gyorsan elvész

Z
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AT1l,alT2ésaTl2*

* A T2 mindig rovidebb, minta T1

— A T2* meég rovidebb: a rendszer
tokéletlenségeét is magaban foglalja
* 1/T2* =1/T2 + 1/T2t0k
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MR hardver

SHIELD
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Tekercsek 1/3

Multi-Turn Solenoid Surface Coil
B, Sensitive to RF
fields in this
direction.
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Tekercsek 2/3

Bird Cage Coil Saddle Coil

N
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Tekercsek 3/3
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RF gerjesztés: excitacio

Q]p et Joseph P Hornak PhD: The Basics of MRI
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RF gerjesztés: excitacio

* 0=2nvy1B1, ahol
— 0: a rotacios szog, t: pedig a gerjesztési ido
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RF gerjesztes: excitacio

* Kvantumechanikailag azert nem ilyen

Qi Q Somnahvak By http://www.drcmr.dk/MR
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Bloch egyenletek

* Az MR-ben lejatsz6do folyamatok elemi
lepésenkeéent kovethetdk
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Spin echo szekvencia

* Hahn: 1950 — Echo, Carr: 1954 — SSFP
— CPMG: Carr-Purcell-Meiboom-Gill
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Spin echo szekvencia

. S — kp (1 _ e-TRIT1) e-TEITZ, ahOI
—a szignal mind a T1, mind a T2 id6tol fugg
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Spin echo szekvencia

* Hahn: 1950 — Echo, Carr: 1954 — SSFP
— CPMG: Carr-Purcell-Meiboom-Gill
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Lokalizacio
* v =v B0, ahol

—v: rezonancia frekvencia
—v: gyormagneses egyutthato (H: 42.6 MHz/T)
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| okalizacio

* v=v(BO+xGx)=v0 + vy x Gx
— Amibdl: x = (v —=v0) / (y Gx)

signal

i

Frequency
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Szelet kivalasztas

* v=v(BO+xGx)=v0 + vy x Gx
— Amibdl: x = (v —=v0) / (y Gx)

Joseph P Hornak PhD: The Basics of MRI

http://www.cis.rit.edu/htbooks/mri/



Szekvencia: szeletkivalasztas
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Szekvencia: frekvencia kodolas
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Szekvencia: fazis kodolas
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Szekvencia: fazis kodolas
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teme = frekvencia
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Fazisvaltozas uteme = frekvencia!
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Szekvencia
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Szekvencia
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2D gradiens echo szekvencia

. S — kp (1 _ e-TRIT1) e-TEITZ*, ahOI
—a szignal mind a T1, mind a T2* idotdl fugg
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3D gradiens echo szekvencia

* Ziranyban is faziskodolas
—1d6: TR Ny Nz

2 +
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Tobbszeletes képalkotas
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Fast spin echo — CPMG
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Echo-planar imaging (EPI)
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Parallel imaging: SENSE

http://www.mr.ethz.ch/sense/



http://www.mr.ethz.ch/sense/



Fast gradient echo: band-ek

* T1 — sulyozott
— Spoiling
* RF (és/vagy gradiens)
* Kevert kontraszt
—Sima: T1w és T2w
— Forditott: T1w < T2w

— T2/T1: balanced SSFP

* Kiegyensulyozott gradiensek
* Alternalo RF gerjesztes

Vlaardingerbroek



CT: forog — MR: nem forog

:‘JH'“ http://youtu.be/2CWpZKuy-NE
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Biztonsag 2/4

simplyphysics.com Provided courtesy of Simply Physics at www.simplyphysics.com

-.m of Simply Physics at www.asimplyphysics.com
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Biztonsag 3/4
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MR: oxigen palack — muribol

http://youtu.be/7g5UVrOt2CI



MR: szék eltavolitasa — csorlo+

http://youtu.be/4uzJPpC4Wuk



Biztonsag 4/4

MRI-SIDE-ERFECTS.con

Nationwide NSF Lawsuits ~ Call Toll Free 1-800-883-9858

Qi Q E"T‘EE;‘“?“W http://www.simplyphysics.com




A mi MR-unk

* Philips Achieva 1.5T

* Gradiens: Dual Nova HP (33/66, 180/90)

* Software: R2.6.3p4

— Cardiac Specialist Pro
— Coronary Specialist Pro
— Neuro Specialist

* Szekvencia programozas: PARADISE (C)
* Posztprocesszing fejlesztés: PRIDE (IDL)
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Mi MR-unk
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Mi MR-unk
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RadioGraphics 26:795 (2006)
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Figure 1. (a) Relaxation of myocardium with delayed enhancement and normal myocardium. Optimal image con-

trast between myocardial areas of delayed enhancement (solid line) and normal myocardium (dashed line) is achieved
by imaging at the null point of normal myocardium and adjusting the inversion time for each patient (3). In this ex-
ample, the inversion time (dotted line) is 275 msec. MI = myocardial infarction. (b) Diagram of a delayed myocar-
dial contrast-enhanced MR imaging sequence. The image acquisition starts after or around the center of the indi-

vidually selected inversion time (71), depending on the vendor. ECG = electrocardiogram.
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Figure 1. (a) Relaxation of myocardium with delayed enhancement and normal myocardium. Optimal image con-
trast between myocardial areas of delayed enhancement (solid line) and normal myocardium (dashed line) is achieved
by imaging at the null point of normal myocardium and adjusting the inversion time for each patient (3). In this ex-
ample, the inversion time (dotted line) is 275 msec. MI = myocardial infarction. (b) Diagram of a delayed myocar-
dial contrast-enhanced MR imaging sequence. The image acquisition starts after or around the center of the indi-
vidually selected inversion time (71), depending on the vendor. ECG = electrocardiogram.
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Magn Reson Med 47:372 (2002)

Phase-Sensitive Infarct Imaging 373
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FIG. 1. Plots of signal intensity vs. Tl for (a) magnitude and (b) phase-sensitive detection for MI (solid), blood (dotted), and normal
myocardium (dashed), using nominal values of T, at 15 min following a double dose of contrast agent. Example images correspond to

acquiring images earlier than the null time for normal myocardium. The solid lines with double arrows depict the contrast between the M|
and the normal myocardium.
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Osszefoglalas: 21% non-viabilis

% e LV: EF 62, ESVi 44, EDVi 114, SVi 71, Mi 108 sport index: 0.14
i RV: EF 60, ESVi 48, EDVi 122, SVi 73, Mi 31 max diast fvs: 16mm
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