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The phenomenon of Magnetic Resonance may be approached us;g
different types of nuclei, however the atom of Hydrogen is
generally utilized for creating MR images.

The atom of Hydrogen

Deuterium: 1 proton,
1 neutron 1 electron



the nucleus is an electrically / /
charged mais rotating on its d
own axis that ener'a‘l'es a
tiny magnetic field with its -
own dlrectlon and
orientation. This phenomenon % /
is called “spin” and is what
gives the magnetic momentum
y to the nucleus.
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The spins in normal conditions are randomly oriented.
When we turn on a static magnetic field B, the spins align with that
external field in parallel or anti-parallel position.

Without B,

SPINS ORIENTATION AL



Polarizzazione

In condizioni di equilibrio termico c'e’ una lieve vantaggio
energetico in direzione up=>down
quindi N- saranno lievemente minori di N*

7} costante giromagnetica dell'atomo
h costante di Planck

BO campo magnetico
Thermal equilibrium

k B costante di Boltzmann

T temperatura

al.5T 7/1000000 per !H (SNR di una singola ripetizione 0.0007 %)
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LARMOR FREQUENCY:

) = Y\BO/

Gyromagnetic ratio

Static magnetic
field

Frequency of
precession

() =42.58 x 1.5 = 63.87 MHz: 1 Tesla is = 10.000 Gauss.
we are in the radiofrequency (1 Gauss =intensity of the
domain (RF) earth magnetic field)



It is given by the
vectorial summation of
the single magnetic
moments of the spins.

Sum of two
vectors A+B:




MAGNETIC RESONANCE

If the protons aligned in a static magnetic field B, are excited
by a RF pulse at the frequency of precession (Larmour Frequency)
we have the phenomenon of nuclear magnetic resonance.
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T, = spin-spin relaxation

The spin-spin relaxation is caused by the interaction
between nuclear magnetic moments.

2 (8 (B

These spin-spin interactions cause a change in the
precessing frequencies of each nucleus.
The results is is a loss in phase coher'ence

in phase



TRANSVERSE RELAXATION TIME T2

The constant of the transverse relaxation
time is given by T2, that is the time necessary
to reduce the value of M,y by 63%.



LONGITUDINAL RELAXATION
TIME T1

The spin-lattice relaxation is caused by the exchange of energy between spins
and ’rhe surrounding envnronmem‘

The magnetic moments gr'adually reallgn with B,




LONGITUDINAL RELAXATION -"===
TIME T1

T1 is the time needed for 63% of Mz to return to equilibrium
MO after a 90° RF pulse.



MRI - parameters

Longitudinal relaxation time, or spin-lattice relaxation
time: T,

Transverse relaxation time, or spin-spin relaxation
fime: T, (T,%)

‘Pr'o’ron density: PD
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WEIGHTED IMAGES
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THE SIGNAL

.

In a perfect world.....

AL
- VTV

...... in the real one FID Signal: Free Induction Decay




FA - Flip Angle: the angle between B, e M; it is
‘ proportional with the duration of the RF pulse.

TR - Time of Repetition: the time between an RF pulse and the
‘ next.

TE - Time of Echo: the time between emission of the RF pulse
‘ and reception of the signal.

Tilw = short TR (<800 ms) - short TE ( <10 msec)
T2w =long TR (>1800)- long TE (>60 msec)

PDw =long TR - short TE



Gradient
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Frondazione
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Cine-CMR: SSFP & GRE




GRADIENT-ECHO

TR

Signal acquisition FID




systole diastole




CINE-CMR




Steady State Free Precession (TrueFisp)
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Steady State Free Precession (SSFP) with Balanced Gradients
Image contrast depends on T2/T1 relaxation rates of tissues
and the steady state signal of spins
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6radients () are fully balanced along all three (section-selective, phase-encoding, and
readout) axes.

The sum of positive gradient areas is exactly balanced by the sum of negative gradient
areas. In this case, echo and readout occur midway between RF pulse.




MRI: cine-pulse sequences

FLIP ANGLE 45° to 60°
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T1 weighted SpinEcho
T1 weigthed Spinecho with fat saturation




curva di recupero
secondo T1

completo
recupero
della MML

tempo
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MML invertita




DOUBLE-IR

DOUBLE IR

A non-selective 180° inversion pulse excites all the tissues
and blood within the entire heart when the R-wave trigger
is detected at the beginning of the cardiac cycle

R-wave Trigger

non-selective
inversion



DOUBLE-IR

Dark Blood Pulse

DOUBLE IR

Immediately following, a slice-selective re-
inversion pulse excites only the tissues and blood
within the image slice.

R-wave Trigger Systole
non-selective slice-selective
Inversion reversion

The net result is that everything within the slice is flipped back to normal
because it experienced both the inversion and re-inversion pulses, whereas
everything outside the slice remains inverted.



DOUBLE-IR

Dark Blood Pulse

systolic contraction forces

the blood within the slice to

be replaced by blood from
outside the slice.

R-wave Trigger Systole Late diastole
non-selective slice-selective . .
; ; : imaged slice
inversion reversion

After enough time delay has occurred to allow the blood to be fully replaced within
the slice, the image data is collected during mid to late diastole of the cardiac cycle.
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’.‘,.i' Inflowing inverted blood

Dark Blood
(Double Inversion Recovery)

R-wave

End-diastole



non-sel  sel
180° 180 Data acquisition

\‘n_ / 1 segment = 7 lines
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inverted blood

- 2 Inverted blood which flows
TI = Null Blood into the slice is nulled, and

does not produce artifacts.
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the readout module
(a 90° pulse followed by a train of refocusing 180° pulses)
is applied when blood is relaxing to zero, in-
flowing blood produces no signal.



FSE and Double IR

T Chemical-Shift




FSE and Double IR

Triglyceride

T Chemical-Shift







STIR fat nulling

LGE Myocardial nulling
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STIR: TRIPLE IR

RR = 800ms
_ Non-inverted Myocardium
S & Acquisition gated to diastole
% %
~ ©@  Fat Suppréssi Short Tl
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(Triple Inversion Recovery)

The third IR pulse and the fat signal are shown in yellow.
The delay time for fat to cross its null point is much shorter.
Both the blood and fat cross their null points at the same time that data is collected,
both blood and fat will be dark in the image.
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Inversion Recovery GRE T1lw post mdc
TI to null myocardium




LATE ENHANCEMENT

The mechanism is a combination of:

« delayed wash-in and wash-out kinetics of nonviable tissue
« acute and chronic disarrangement of interstitium

« different volumes of distribution of Gd in viable and nonviable tissue

Normal myocardium Acute infarction Scar
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Intact cell membrane Ruptured cell membrane  Collagen matrix




LATE GADOLINIUM ENHANCEMENT

Delayed enhancement




Inversion Recovery - TurboFLASH
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Data gated to diastole of every other
cardiac cycle

Tl adjusted to null viable myocardium
Infarct is brighter than viable myocardium




T1 relaxation of
normal myocardium

Tl to null normal myocardium corresponds to
time of the cine phase image where normal
myocardium is dark.
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