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Pulse Sequencing

- Spin Echo BB & (SE)

- Fast Spin EchotR#ZEBEEE (FSE)

. Gradient Echo#EE& (GRE)

- Echo Planer ImagingEl & FEiE % (EPI)
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Pulse Sequence Diagram, PSD

. The sheet music (£:Z) of MRI
« Arranging the tone, timing, and duration for each component.

« The instruments (%£28) in MRI are...
- Transmitting RF coil (transmit RF pulse)
« Slice-selective gradient coil
« Phase-encoding gradient coll
- Frequency-encoding gradient coil
« Receiving RF coil (receive echoes)

?Ia, r|J = FT‘T']F “1d r‘mn‘..
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The goal of PSD

- Just like that the sheet music aims to form a beautiful melody

for the concert.

- PSD aims to fill out a full K-space for MR imaging!
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K-Space properties Image of K-Space

Conventional way
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The Question now is ... Spin-echo pulse sequence diagram

-3 o
90 120 Refocusing
RF pulse
Transmitting RF coil

- How to fill out the K-space matrix...

- Control frequency-encoding gradient for the x-axis (columns) of K

space. Slice-select
- Control phase-encoding gradient for the y-axis (rows) of K space. gradient
Phase encoding fj
- The image contrast is determined by TR, TE, and flip angle. gradient
frequency encoding echo
< gradient )
O rePhaSWthasing
¥ Receiving RF coil
§ 7 \ \ , Anechois \
n¥ 0 TES2 & acquired per TR One row of K space!
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Multi-slice Acquisition in a TR

We excite different slices in each TR;
We use the same magnitude of G, in each TR

Multi-echo spin echo

Active Time Dead Time

- Fill each echo into the distinct k-space.

- For an eight-echo train, we get eight different images. e e =
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; Fast spin ech

Fast spin echo (FSE) 5 ast spin echo

« In FSE, before each 180° pulse, we place a different value of the phase-

- We will only have one k-space. We'll fill this k-space eight encoding gradient.
lines (eight-echo train) at a time with eight different phase- 7' -

- « For the 180° pulse before the echo we choose as the TE (in this case,
encoding strengths.

102 msec), we use a phase-encoding gradient with the lowest strength.
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Fast spin echo

« In FSE, before each 180° pulse, we place a different value of the phase-
encoding gradient.

- For the 180° pulse before the echo we choose as the TE. (in this case,
102 msec), we use a phase-encoding gradient with the lowest strength.
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Multi-slice & multi-echo spin echo
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Multi-echo procedure doesn't increase the phase-encoding steps.
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Phase-encoding step

« Please compare to the conventional spin echo.

. Depends on both ETL and slice numberin a TR.
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The purpose of Gradient Echo

« Scan time = (TR)(N,))(NEX)

/ \ \ Number of excitation (SNR)

Number of phase encoding (spatial resolution)

Repetition time: can be controlled to minimize the scan time.

2/18/2017 Lesson 1_2, Chia-Feng Lu




GRE Pulse Sequence Diagram
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Bi-lobed Readout Gradient

- Intentionally dephase
the FID and rephase (or _ Gradient
recall) it at time of TE. N R e

- The maximum of echo
occurs at the midpoint of J _
the positive (rephasing) ) R Gradiont
lobe. '

No Gradient Dephasing
Gradient

http://mri-g.com/gre-vs-se.html
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Properties of GRE

« Asmaller flip angle is used instead of the 90° RF pulse
- Ashorter TR is demanded for full recovery of M,

- Instead of 180° RF pulse, a bi-lobed readout gradient is used to
obtain an echo.

« Quicker to apply than a 180° RF pulse - reduce minimum TE
- T2* weighting is presented due to the absence of 180° RF pulse.

ox S////N\\\
-GW//t 2t 3t

Negative lobe  Positive lobe
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Tissue contrast in GRE

Flip angle Large (70~110°) Small (5~20°) Small (5~20°)
TR Short (< 50 ms) Long (> 200 ms) Long (> 200 ms)
TE Short (1~5 ms) Short (5~10 ms) Long (15~25 ms)

In conventional gradient echo the TR does not always affect image contrast.
Once a certain value of TR has been exceeded, the M, recovers fully. Under these
circumstances the flip angle and TE control the degree of saturation and
dephasing respectively.
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The Purpose of EPI

« Even the GRE can shorten TR, we still need several TRs to fill
out one K space matrix.

- Can we fill out one K space matrix within a TR?

- To do so, we need to manipulate the phase-encoding and frequency-
encoding gradient.

Single-shot EPI

« The phase-encode gradient is subsequently applied briefly
during the time when the readout gradient was zero (200 ysec).
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Single-shot EPI :
9 Multi-shot EPI
- The phase-encode gradient is subsequently applied briefly Also called segmental EPI
: . : . An interl fk-
during the time when the readout gradient was zero (200 sec). T ninterleaved coverage of k-space
.- The readout is divided into ky
o multiple shots or segment (N.) >
RF — M An odd-even coverage of k-space « N, = Ngx ETL o e e b
] ky ky < -
Gz .| — e o ———————
Gx J_l m """" — > 3
E [ o el e B | 5] Jo > >
= Py @ Y] |emem——————— - —
= S T 101 >
blipped phase encoding - <
TEes - ]\ > A spiral coverage prtasintatelaiec i |
MRSignal YA AN AL T ~ (using oscillating , il
vy h e i = Guand ) “ =
http://www.ym.edu.tw/~cflu, Textbook: MRI The Basics, Hashemi et al. 2/18/2017 Lesson 1_2, Chia-Feng Lu 23 http://www.ym.edu.tw/~cflu, Textbook: MRI The Basics, Hashemi et al. 2/18/2017 Lesson 1_2, Chia-Feng Lu 24




Contrast in EPI

- Contrast in EPI depends on the "root" pulsing sequence

- SE-EPI (90°-180°-EPI)
+ GRE-EPI (a°-EPI)

« IR-EPI (180°-90°-180°-EPI)
- inversion-recovery (IR)

Signal Dropout Distortion

Chemical shift

Ghosting
(must add fat sat
when using EPI)
http://www.ym.edu.tw/~cflu, Textbook: MRI The Basics, Hashemi et al. 2/18/2017 Lesson 1_2, Chia-Feng Lu 25 http://www.ym.edu.tw/~cflu, Textbook: MRI The Basics, Hashemi et al. 2/18/2017 Lesson 1_2, Chia-Feng Lu 26
alvin4016@ym.edu.tw
http://www.ym.edu.tw/~cflu, Textbook: MRI The Basics, Hashemi et al 2/18/2017 Lesson 1_2, Chia-Feng Lu 27




