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Breath-Holding three-Dimensional MR
Imaging : Evaluation of Phase Reordering
for Motion Artifact Suppression

Makoto Amanuma®, Toshihiko Kimura?®,
Osamu Takizawa?, Eito Kozawa", Kyoko Enomoto?,
Tsuneya Watabe and Atsuko Heshiki?

To suppress irage degradation due to respiratory corrup-
tion during breath holding, a method of reordering of phase
encoding was introduced in three-dimensional MR imaging.
Without trade-offs in SNR, CNR, and examination time, the
method provided a significant reduction of respiratory
motion-induced artifacts both in phantom and in vivo experi-
ments. More than twenty seconds of breath holding ensured
acceptable image quality regardless of respiratory motion
thereafter. Signal intensity change during data acquisition
altered the obtained image contrast compared with that of
standard sequential linear phase encoding. This technique
can be readily implemented on standard two-and three-
dimensional pulse sequences and will improve image quality
when a patient cannot hold his/her breath during the whole
imaging period.
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MRI 8 & Bl HE#IZ & 2o v 3 RIGHAR I3 E < B
OB T 2 0T 2079, i I TR C 13 9042 1
TS #4795 Z &2 & D IFIRIZ & % motion artifact @
2w 3 RITHHGE AT & 1L 5 A7, JWE ) ) IR A% 1 A w]
REZHEW Tl 2 M fitiE % HUF 2, 3RITCA T 7S %
WP Y OIEHP R TE S, Lo L, MR AR
B TANATRE & 7 5 7235412 12 motion artifact @728
WEAIMET T2 LITLITRBRI NS,

A-lal, B 54 L 8 E ICHRINT 5 lig o1t
B¢ Z & A BB, AL reordering 2 H w72 3 k70
IR EE O M > v TS L 72, phantom 3B L f
K7 2T 4 TICTBIT 5 EBERERIC B W Tk & i L €
BN RSN THE T 5,

MERE LU HE

FiE 13 Siemens #9 Magnetom HI15 SP (i i g
15T), »¢n Z %A% i3 3 %kt FLASH i (TR/TE/FA/
NEX=10/4/18/1) # vz, = F V) v 7 Z$ 128X 256,
3KICA T 74 E 32 12 BT B BRI 2B ThH Y,
G RIDOBFIE Z DWGEFRMEN L & TIT- 72, A7 4 ZGRIR
HOGAHT > a— FHEIRGEF@ED & L, HHNOMHT
> 2 — F 2 @ &reordering # 417 - 7z. il '# @ linear
sequential phase encoding D EHICTF 5 L B~ & 5
W1/ 47— s WELREGEORZIZEHL, Hiiga >
FZA b, EEHEEL (LUFSNH) 28 T592 T
O ERDEBENRG 1/207— 5 %, GO TIL
KT rhEezRALY (Fig. 1). Zokik (LU reorder
B) LB I KRIEMRIICBIT2ERNL HETH D
sequential phase encoding (LLFHE:) 2HWTHE LA
FRHERIZ BTSN, 2> P72 FEFE (BLIFCN
1t), motion artifact DIPHIZHE, W%k D1E 52 bH5H
Bar b A MEZ BEEI O TLT ok BTN
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' Fig. 1 In-plane phase encoding order of the
. : standard linear sequential method (right) and
- 1 z; the reordered method evaluated (left). Note that
3 . the data with central low frequency components
2
1 e/ 9 y are obtained first with the reordered method.

PE: phase encoding.
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277 1 5m3E%720) DES (LUFHIZZ T 4 A8 EET)
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reorder % T 42 FPIFIRAS 1L B o) W% & 772, BRdg W
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i,/ WL, FIEIRIG o CN oo Mol 2 47 - 72,
(3) Motion artifact, Phantom 95

100 15758 Gd-DTPA H % 7°7 A5 7 HMIC T L
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R 5em DAFEEESE) T, FEM A (B #%E encoding J5
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#15, 20, 25, 30, 35Fs LB 2 Lo 6 BiRE £ &R
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tion artifact DFEEF i L 72, 27 4 AEIid 2mm & L
7z,
(4) Motion artifact, in vivo FZEk

EWRTZ T 4T 2B, 7V ARFIONEEm S
BFICHE DK &k TEIBOWAIG % 1T - 2. HALWTE Lk
Wi, 274 ZEixdmm & L 72, kWA IS Tk
1%, _#C Phantom 2K 85k & [WBERA%BA 45 4% 15, 20, 30 #
HB L Uhli e Lo 4 BERE THRil 00 1 i s & 4 ) K s
iz, 156 N2 mHERTTI OO 9 B PIIREEEE,  FFPTEE, R

FRCTEIH25H

JL¥hey 3 Wi % 38 (7, motion artifact DIEPEIZ DWW TlE
fig, MRt L7z, @il 3 Wit 48 2 7 4 2 o ilif% % Mk
Lz EYI L 2z film # v, 4 %0 MRICHEET 5 Hi{$:
ZHEICE D /AT A AT LRI &b % ) artifact
PR L TLUTF o 5 B o B 272, AL arti-
fact Z°fFAEE T, WA WGRS ML TWa, Bl REN
motion artifact 2%8& 545 %, 4512 i o) Sl A H]
7% b o, C: motion artifactH*ilsH 5L, /IS4 (<2
cm)IFZEE BT H RIS L EFZ6NBEL0, D!
motion artifact 2% ¢, KELHWZE (>2cm) L Rk 71
fetEdsh B 2 #2 L s Lo, E: motion artifact #9535
THAREAT & 2 P W7 b oo, A4 & 4xlifg B &
ORI A5 RG] o & 0SBl L 7z,
(5) 15%5%:b, Phantom %8k

T ATy 7% 100 AR GA-DTPA ¥ T 72 L
PR L7z, Ko 2 oF &gz, fifoda (20-24 #
%) TR AR EEAL, 77 Ay ZEARE
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U TREIRICAT - 72, PR3 W 311 L reorder #:, fESki:
DWHZ A, LN ERICBIT 5277 2F v 7HARE
oo SN le# EnFhokZ EIcHlEL, ML 72,
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(1) SN I, Phantom 50

Fig.2 Iz & o Gd-DTPA #flEic BIT 5 SN e #
AL PEREE, reorder HiNfilIFITITSEATIC~BL, W
IZAFEEIIHFEL eh -7z (p>0.05).
(2) Wifgza> 72 F, invivo FEE

Fig.3 Iz #:, reorder #kiz & 5 CN M4 9, fEk
Fz Bl B3 b7 2 HREEE W AR S L7z A
BICHRERIEEL T - 2. FEL N LEEL,
reorder R O 5 A4 artifact [3EH L - 7z,
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Fig. 2 Signal to noise ratios (SNR) of the Gd-DTPA solu-
tion of variable dilutions measured by the standard and
reordered 3 D sequences. The calculated values show no
statistically significant difference.

Fig. 3 Liver-spleen, liver-portal vein, and liver-fat contrast
noise ratios (CNR) measured in normal volunteers by the
standard and reordered 3 D sequences.

(3) Motion artifact, Phantom 2B

Fig 4 I29E3#iE, reorder iz Fh o hikiz Bl 5
I Phantom @ 3 KICHHERS % /7§, #Eh% N2 7245
£, BERETIZFFW A motion artifact # 4 107245, reor-
der Bk Tix Z A & 4, BIFZcmi{g s s i,
motion artifact OFEEEILMEEYFHAARER]IC L D o D, JE
BLGA R VIZ EFTH - 72, L L reorder Tl i
1420 Mtk HAEB D INb - A& B W T H # D arti-
fact (ZEEETH - 7z,
(4) Motion artifact, in vivo %k

FEAIE TILEBIR L 72 &0 50 %4 D EE, H 25V E
B, T bblIawZETd A L THes H 2 & 5l &

Fig. 4 Reconstructed 3 D images of the vascular phantom. From the
top to bottom, images were obtained with motion added from 15
seconds, 20 seconds, 30 seconds, and 42 seconds (i.e. no motion) after
starting data sampling. The reordered method (right) effectively sup-
pressed the motion artifact compared with the standard method (left).
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Fig. & Overall assessment of respiratory mo-

tion artifact of selected 48 abdominal images.

With standard method about half of the images

were classified as D and E, representing those

with considerable image degradation due to

artifacts. Reordering provided improvement of
0 (%) the quality of these images.

Fig. 6 Coronal abdominal images obtain-
ed by standard (upper) and reordered 3 D
sequences (lower). Standard method show-
ed prominent image degradation when
respiratory corruption took place during
the first 20 seconds. Reordered method

minimized such image degradation.

42 sec

Fig. § SNRs of the plastic tube filled with Gd-DTPA,
Gd-DTPA replaced by saline solution, and saline solu-

tion replaced by Gd-DTPA solution. Compared with
standard sequence, reordered method provided higher
SNR when Gd-DTPA was filled during the first half
period and lower SNR when filled during the latter half
period.

Fig. 7 Quality assessment at each breath-holding peri-
ods. With more than 30 seconds breath holding, both
techniques obtained almost same points. However, with
less than 20 seconds, irnage quality with the reordered
method was markedly superior to that with standard
method. Graphic patterns are the same as those in Fig.

5.
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7297, reorder i TIE Z S ORRICIE T 2 WS A5 AE L
Zedr =7z (Fig. 5). WU ILBERIANIC B3 &, fEkiET
13 15 %, 20 B TIPS bk A h W L 72 854, 0P D AICT A%
FLAL FOHII WETH - 72, reorder B W Tl
@ motion artifact # Z A0 T E, DD 15 H1H]
HAFIE L TwilE H 2 BREOGHEiA TR TH 2 L &2 L
7z (Fig. 6, Fig. 7). HHIMWEHER B e X w5 SR HiE -
B Ul Ofif o AR S iz, 30 B Lok
Wdse ik Tl TR D EHM AR i I & - 72 b, 1
L RIT R s eh - 7z,
(5) {55%:1k, Phantom 52k

HIED GAd-DTPA, el e BLA K THel% L 72854 &
Z DDA TIT - 72 & @ T3 SN Hld Hiji TlE reorder
B, BRETRAEREIFRBICE Mz R L 72 (Fig. 8).
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EATH LT 5 reordering dE4 HiWlZ, 1>0F—%
M2 BB segment 12 HIL, ThbE R 2HEDH
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WU LT — 2 oML+ B E+T 22 8T
motion artifact % 5 3524 A" ROPE (Respiratory or-
dered phase encoding) ¥ likE L TH L » LiT7bM
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DEhE FFEL, T OREICIE L THAH T — 2 B % #HA
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