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- BiEEIE (spin echo)
- BREFEBFEEF (fast spin echo)

ik = B 2 MRI

Spln EChO - MRI The Basics (3rd edition)
v - - Chapter 8: Spin echo
E%Kﬁ* Hiz - Chapter 19: Fast spin echo
BT A S MRL . ”
BB BB A MRIin Practl.ce, (4th edition)
alvin4016@nycu.edu.tw - Chapter 5: Pulse sequences
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Procedure of MRI

[} Alignment (magnetization) B,

[T Precession w, = yB,

L1 Resonance (given B, by RF with w,) w; = yB;, B; LB,

- The most effective resonance is produced when w, = w,
1 MR signal (EMF, relaxation time )

[] ‘maging (Pulse sequencing: SE, GRE, EPI)

[ - - Tissue Contrast: Image weighting

[ - Spatial localization: Slice selection & Spatial Encoding
[[j - Dataspace/K space

BHiellE

Spin echo (SE)
Conventional spin echo (CSE)
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Rephasing 180° RF

- T2* decay depends on both
- External magnetic field
+ Spin-spin interactions

180° 90° 180°
N | N

- T2 decay depends only on

- Spin-spin interactions

=)

Eliminate the effects of AB

y

V\

\Bo'
\

Spin-echo pulse sequence diagram

Slice-select
gradient

Phase encoding
gradient

frequency encoding
gradient

Echo

| TR |
Igoo 180° R:fFocu:ing | 90°
RF A pulse ~

Gz 1 |

Gy A
=/

| TE

.

Bo
echo Attime =t —Bo l 5 Bo—X Attime=T
A, after 180°RF A\ 2~ before 180° RF
Uv vU Uv Bs \ 3/ Bo”
T T V, 0
2T=TE
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Gx ! Il echo
rephasing, n n dephasing

| An echo is acquired
| perTR.

2025/11/3

Dual-echo spin echo

DuaI'EChO Spin eChO Proton density T2-weighted

(long TR, short TE)

(long TR, long TE)

- A second 180° pulse applied at time T, after the first echo will
allow the spins to rephase again at time 21, after the first
echo and a second echo is obtained.

- The proton density images
can be acquired with T2-
weighted images without

TE2 =2T1+ 272

http://cflu.lab.nycu.edu.tw, Textbook: MRI The Basics, Hashemi et al.

00° 180° 180° 90°
N\ | = /II, M\
K -t/T.

_ (e t/To ) (e 2) Ty

\/‘——-____./___ €7%)

‘m | nm\cho ¥ ‘——n— \ﬁého #2 T2>>T2*

U\; I A\, UA AvU Uu’"
Ve W 1Y
|

\ Increase T2 weighting

But lower SNR
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using another sequence.

90°

TE2=2T1+2T2
http://cflu.lab.nycu.edu.tw, Textbook: MRI The Basics, Hashemi et al.
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Multi-echo spin echo

- Fill each echo into the distinct k-space.

- For an eight-echo train, we get eight different images.

180° #1 #2 #3 #4 #5 #6 #7 #8

90° 90°
I 1 [ ) | \ | /_/\_
: i 1 ! ! i : i
34 85 102 119 136
i A
A\ N I : |
' 1
N N I
Only with a single Can be used to resolve T2 values
phase-encoding step ETEl TE2 TE3 TES
K Space K Space K Space K Space
h N N h
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Multi-slice Acquisition in a TR

Active Time Dead Time
90° 180° {
1 . g\ J
st ol (o st st g AN B ]
alla
L)

K Space: Slice 3

K Space: Slice 1

A AL AL [ww| | W
~ A\

K Space: Slice 2

Demmmann - B e :_'.’L ........ -}-4-
G _\tvj’_’ — T\'; = TR#2 > TR#2 -p'\/\f\j\r TR#2 —»V\f\j\r
TR -~~~ | TRET B~ N~ | TREN P~
m| | -
mmmmmemmeeeopescbbeooodeobooosee-o--- b We excite different slices in each TR;
Shce 1 Siice 2 Shice 3 We use the same magnitude of G, in each TR
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Multi-slice & multi-echo spin echo

A% EJER]EE (conventional spin echo ) Hik{E 41 » Z5AE—{ld TR
FHIE Y 2 {lEE]3 (echo) » HIFE—(E TR A » 45 %&{E4Hr

9145 €512 ( conventional spin echo ) HkfliTFE41t » E‘(L -{ld TR
=1 (echo) » HIHE—(IE TR N » A 8&EAE (i SRESHRE 2

= AL (7
’,J,/‘ Hi4%

% [ EE]EE ( conventional spin echo ) HRET S » E(E—{# TR
% (echo) » AIE—{lEl TR » BHECGS TR 4RbEREE 2

B.2
c4
D.8

(103 4F55 " RIBUER SR ESAAER S 45 1)

Multi-echo procedure doesn't increase the phase-encoding steps.
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REBNEL S

Fast spin echo (FSE)
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Terminology of FSE

Bruker

GE, Hitachi, Toshiba

Rapid acquisition with relaxation enhancement
(RARE)

Fast spin echo

(FSE)
Siemens, Philips Turbo spin echo
(TSE)
http://cflu.lab.nycu.edu.tw, Textbook: MRI The Basics, Hashemi et al. 2025/11/3
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Fast spin echo (FSE)

- FSE is a very elegant way of manipulating the CSE technique

to save time.

- We will only have one k-space. We'll fill this k-space eight

lines (eight-echo train) at a time.

Lines from each
echoin 1 TR

Frrrrtrt

http://cflu.lab.nycu.edu.tw, Textbook: MRI The Basics, Hashemi et al.
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S A ———
SSESSSUNY eSS .

Lines from each
AR ] [ echoin2TRs
S N

Echo Train Length (ETL)

. ETL refers to the number of echoes used in FSE.

- The time interval between successive echoes (or between
180° pulses) is called the echo spacing (ESP).

- A typical ESP is on the order of 16 to 20 msec.

http://cflu.lab.nycu.edu.tw, Textbook: MRI The Basics, Hashemi et al.
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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.

N
http://cflu.lab.nycu.edu.tw, Textbook: MRI The Basics, Hashemi et al.

90° 180° #1 #2 #3 #4 #5 #6 #7 #8 90°
T
Zero phase
A [/ [\ B8 B8 ™1 [ [
[ RS B S s » N }
17 3:4 st e 85/ 102 \ 119 136
o N
A F~ir-
\/ﬁ;rea;es}tl Center slab: zero phase
agnitu TE. = 102 msec

2025/11/3 16




Image of K-Space

K Space Image

- The center of k-space
contributes to the
primary information of
image (e.g. contrast).

- The periphery of k-space
provides information

- Long TR, short TE R r\18‘l’°(\ NN NN N Npn

= Proton density

- Long TR, long TE

= T2-weighted 2 _
/N A % 7\ I

regarding fitness of the K Space:

image and clarity at -

Sharp interfaces 332 lines: TE 34 msec
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Scan Time

« Scan time (CSE) = (TR)(Ny)(NEX)

(TRY(NY)(NEX)

« Scan time (FSE) = Tl

http://cflu.lab.nycu.edu.tw, Textbook: MRI The Basics, Hashemi et al. 2025/11/3 19

Trade-off: slice coverage
- Increasing the ETL causes a reduction in coverage (number of
slices) within a TR.

- ETL 1 > speed 1 - slice coverage |

8ET 8ET 8ET 8ET 8ET 8ET

0 Slice 1 Sice2!Slice3 Slice 4 | Sice5 Slice 6! TR
1 | 1
16ET | 16ET | 16ET |
/—\/\/—\/—\/\/\/—\/\/\“,_,_,_/—\/\/—\:
0 Slice1 Slice 2 Slice 3 TR
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Phase-encoding step

- Please compare to the conventional spin echo.

- Depends on both ETL and slice numberin a TR.
(D) 4.tk YV HEIEEE (fast spin echo ) HRAETFFHIMNT » 2546 (8 TR Pyisefs

B )il H[e#51 £ (echo train length) £ 8 » HIIFE—{lH TR A » F5%&({EAH iz
Ut EEE ?

Al

B.2

c4

D.8
(98 455 — TIBUFH4RES M ER S 48 1)
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Multi-echo FSE

- Full echo trains: the entire echo train is completed for a TE .

ETL: 4 2 3 - 5 6 7 8

Echo trains 1 M—AAM—W—M\*—M
2 WM—MA»—J«M—W—W
First 32 TRs

—GZMM»%—MV—W

33

MM—“&M—«&*M&—W—W

3 to 641 TRs

http://cflu.lab.nycu.edu.tw, Textbook: MRI The Basics, Hashemi et al.
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Multi-echo FSE

- Split echo trains: the first half of the echo train contributes to
the image with TE1 4 and the second half to TE2 4 (thus, two
k-spaces are created).

TE1 .4 TE24
[

ETL 1 2 3 4
Echo

trains
PR PYGI YGRS YGRS YRR | USO8
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Multi-echo FSE

- Shared echo trains: the first and last echoes in the train are
emphasized for TE1 4 and TE2 4 respectively, and the echoes
in between are shared for both images.

l ‘TEzeff‘ 1
U [TEL, -
ETL '1 2 3 4 ! 5
Echo
trains
1 ol

Can save more time for multi-slice.

64—%&%—%&*—«&1\#—%&%—%&%—
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Properties of FSE

- Advantages
« The scan time is decreased (which allows faster scanning).

- The signal-to-noise ratio (SNR) is maintained because we still have
256 phase-encoding steps.

- The increased speed allows for high resolution imaging in a
reasonable amount of time.

- Motion artifacts will be less severe. Because the 180° pulses are
evenly spaced, there is a natural even-echo rephasing effect. For
instance, cerebrospinal fluid (CSF) motion artitacts are much less
severe on FSE than on CSE images.

- The rephasing from the multiple 180° pulses leads to less distortion
from metallic objects (magnetic susceptibility) on FSE images.

- Similarly, FSE images are much more tolerant of a poorly shimmed
magnet than are CSE images.
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Properties of FSE

- Disadvantages
- Reduced coverage, that is, decreased number of slices.
- Contrast averaging (k-space averaging) so that
- CSFis brighter on proton density-weighted FSE images.

- To alleviate this problem, either use a shorter ETL (to exclude longer TEs)
or a higher BW (to decrease ESP and the minimum TE ).

- Magnetization transfer (MT or MTC) effect in FSE. MTC is
inadvertently present in FSE. This is caused by the presence of
multiple, rapid 180° pulses containing off-resonant frequencies.

http://cflu.lab.nycu.edu.tw, Textbook: MRI The Basics, Hashemi et al. 2025/11/3 26

Properties of FSE

- Disadvantages (continue~)

- Magnetic susceptibility effects will be less than with CSE. Therefore,
T2-weighted FSE images are less sensitive to magnetic susceptibility
effects such as metal or hemorrhage (e.g., deoxyhemoglobin and
hemosiderin) than are T2-weighted CSE images (Fig. 18-47).

- Fatis bright on T2-weighted FSE images. This is due to suppression of
diffusion-mediated susceptibility dephasing caused by the closely
spaced 180° pulses. You could do a fat-saturated FSE to decrease the
intensity of fat.
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Procedure of MRI

[] Alignment (magnetization) B,

[T} Precession w, = yB,

[ Resonance (given B, by RF with w,) w; = yB;, B; LB,
- The most effective resonance is produced when w, = w,

1 MR signal (EMF, relaxation time)

[] ‘maging (Pulse sequencing. SE, GRE, EPI)

[C1 - - Tissue Contrast: Image weighting

[~ - Spatial localization: Slice selection & Spatial Encoding
[[] - Dataspace/K space
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THE END

alvin4016@nycu.edu.tw
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