Fast MRI in the Liver
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(1) Liver MR Imaging2l Early Experience
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(2) Fast MR Liver Imaging
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2. Fast MR Liver Imaging @2 7I¥
(1) Z|&&| Spin—-Echo Sequences:

7| =0 A2 0 2tH dual-echo spin-echo 7|2 contrast-to-noise ratiost 801 Wl
wrols T2 HHo| Ues (), o 7|2 ol8310f T1 L&k Proton densityd & ¥ T2HAUEE
AN =ch T2tLt HAF AlZbol 82 WX 100182 A28 cts E TSR Qe ME o7t Y
2 contrast-to-ncise ratio2l penalty® <352t hybrid RARE {TSE / FSE % half-Fourier
RARE (HASTE / SSFSE) } 7122 & st= FAjo|ch

(2) TSE / FSE Seguences:

FSE 7|He StHel 90F ™A Fo| o428 =] 828 o|4h refocusing pulseE HHS35i=
phase-encoding stepsE® HiAl2z AAEE Alztel chtEangs FH HAgct (3-58). E£E
contrast-to-noise ratio?} conventional spin—echo ZI#Hol HI3t0d A HX|X| 24otM d| =B H 4
of Hg LEtA HASo (9), oL Z2Xjo|l Bises 2 =22 234 FSES
contrast-to-noise ratio?} conventional spin-echo2ct St 2= 0 Uct

a2{ut o] 7| fat signatol ZsHAH 2= o 2E o] mEEX| ol 2l EF motion artifact?t
20|22 fat saturationS 2 Z2 fat suppression technique® F2I2 T L33 Ect oz
motion artifact® Z0o{ datel & =o0|7| £/510] respiratory-ordered phase enceding (respiratory
compensation) (10)0]t} respiratory~triggered phase-reordering algorithm (11) Solut el =2 4
2of ot atifact® Z0[7| £45t04 gradient moment nulling (flow compensation) (12,13) S &
HaXol oZE AHWHEE ASFch 2y, ol Zhiel Rl elft arifact?] HA
high-filed strengtholl e O o{2{<0d HFLL 2FD 2ol 15 T Y&717|7F @H 2HaHD 9
g1aloll M= o] motion artifact® Eole Zol gX akcts HolM 7l &2 of2ig0] WECH

0l& FSE 7|¥2 o|EXMoz X2 HAYHOZR iesion-liver contrast?t O{X|= ThEOl Us
ol ol o}olE echo train lengthet ol A= Aoz YZHEch e &2 30|2 ILEH
o) g M &N E2 oMol offt HHolM of 2 A7 € = AMcCH

N

m
fir dr e

D2 MR ZAtolAM wWA3HE motion atifact® E0/c 2He =M CiERt 22 20| Ach

Respiratory-ordered phase encoding

Cardiac gating

Presaturation and gradient moment nuling (flow compensation)
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(3) GRE Sequences:
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(7H Spoiled GRASS (GE) or FLASH (Siemens):
(L} Fast multiplanar Spoiled GRASS (FMPSPGR; GE) or Turbo FLASH (Siemens):
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{4) Newly Developed Fast Liver MR Pulse Sequences
(7H Half~Fourier RARE Sequence: HASTE or single-shot FSE
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(Lt} Echo-planar Imaging:
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Diffusion-weighted !maging
Respiratory-triggered Fast Spin-echo Sequence
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3. Fast MR Liver Imaging2} Dynamic Spiral CT2t2| o] ut
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4, Zagwie] Zchol YolMel HE 2 of A

Zte] MR imagingoll eiA B ES| BE 2 7|HS0| s olE2 Foho et

HEO0 %ol HEIslD Qo melA, ol HMZE H&s57| 23t 2 XHo "AF protocolES A
sl o M SAEHERE M, AEHMoz ME2 M2 |HEN BT Ucks Mo}

[ ==

ML 02 0

¥t} F”*“‘JDPE} gl it ALEH ZigE0l ME ctzchks Ziolch wa2tA, otz MAINHe =
o=l O LI2 protocolE HMAISIZ|olls %2 ofe{g0| Ut

Oul, olfsh A Yotz olelof cisdtA AF-siw=ElD A= MR =N & ol28 =
cfol cH$h v AT HA| &d|stod, £ J|Eo CTECH Zct2do| ZatE fast spiral CT2

oot

MR & &tzte] Mol CfE @ ATT ofF gtds] X2l oS &t Atgho|ct ol =
Sa Bobs 3AHE Aalolot 23O =UAe SELER 72 oyl g Rayee £
HEE Z¥Ysts o Lels Y5t U200, ool o EIAM I =3 ZFchHo| LSE
intracperative US (25)off DM T dld ¢ 7 HE Zast MM Actn 3t2lc)

et EFF ZHEE 535 g2l thet A7 ALBEE olE oz HALSAH AHAM
Mo Pay|Holut wHSo tE 240 Mool &tod TAlol O|E ojg] ZFCHEH|E2te A
Cheqoll cHEt MEe| AMElT o Me=E ool & 2 ot
5. 48

Fast MR imaging2l gutE{ol Hi2t2 ZApAlZEe] chEoll Uch o2l B datolM s
breath-hold T1 & T2 A4S UMK AZSIE Uct It SAlol el Had IE ot g
AH2l lesion conspicuity, & motion artifact ¥ © F£2 anatomic structure2l Mz & Tz s

ick  AF2| fast MR imaging2 dl% contrast-to-noise ratioe= =24 =2 signai-to-noise ratio2}
spatial resolutiondll A2t A222, o0& I =s517] fst Ecoh L2 "HA 7|yl IR iver
specific contrast agent® Z &8t MR =gH e HE o offt 37 HE Ad=ojof & Zdolch

—122—



References

—

Laing ADP, Gibson BN. MR! of the liver. J Magn Reson Imag 1998:8:337-345.
Lee M-G, Jeong YK, Sung KB, et al. Breath-hold contrast-enhanced 3D MR angiography in

n2

19 seconds: value in the assessment of vascular invasion in pancreaticobiliary diseases.
Proceedings of 3rd ISMRM 1997:P 92

3. Lee M-G, Shin YM, Jeong YK, et al. Contrast-Enhanced FISP 3D MR angiography in hilar
cholangiocarcinoma: comparison with conventional arterial angiography. Proceedings of ISMRM
1998,P/707.

4 Lee M-G, Lee H-J, Km MH, et al. Extrahepatic bilary diseases: 3D MR
cholangiopancreatography compared with endoscopic  retrograde  cholangiopancreatography.
Radiology 1997:202:663-669.

5 Lee M-G, Jeong YK, Kim MH, et al. MR cholangiopancreatography of pancreaticobiliary
diseases: value comparing single-slab RARE and muiltislice HASTE sequences. Am J
Roentgenol 1998, (in print).

6. Crease RP. Echo-Planar MRI: learning to read minds. Science 1993;261:556-558.

Tanabe J. Introduction to fast MRI. Applied Radiology 1992:supplement:13-17.

Lee M-G, Baker ME, Sostnan HD, et al. The diagnostic accuracy efficacy of MA in
differentiating hepatic hemangiomas from metastatic colcrectal or breast carcinoma: a
multiple-reader RQOC analysis using a Jackknife technigue. J Comput Assist Tomogr
1996;20:905-913.

9. Lee M-G, Jeong YK, Han DB, Seo DJ, Auh YH, Chien D. Fast MR imaging of focal hepatic
lesions: comparison of breath-hold turbo SE, breath-hold HASTE, and breath-hold HASTE
STIR versus conventional T2-weighted SE seguence. Proceedings of ISMRM 1997:P927.

10. Bailes DR, Gilderdale DJ, Bydder GM, Collins AG, Firmin DN. Respiratory ordered phase
encoding (ROPE) method for reducing respiratory motion artifacts in MR imaging. J Comput
Assist Tomogr 1985;3:835-838.

11, Keogan MT, Spritzer CE, Paulscn EK, et al. Liver MR imaging: comparison of respiratory
triggered fast spin-echo with TZ2-weighted spin-echo and inversion recovery. Abdominal Imag
1996:21:433

12. Felmee JP, Ehman RL. Spatial presaturation: a method for suppressing flow artifacts and
improving depiction of vascular anatomy in MR imaging. Radiology 1987;164:550-564.

13. Pattany PM, Philips JJ, Chiu LC, et al. Motion artifact suppression technique (MAST) for MR
imaging. J Comput Assist Tomogr 1987;11:369-377.

14. Lee JKT, Heken JP, Dixon WT. Detection of hepatic metastases by proton spectroscopic
imaging: work in progress. Radiology 1985;156:429-433.

15, Bydder GM, Steiner RE, Blumgart LH, Khenia S, Young {R. MR imaging of the liver using
short Tt inversion recovery sequences. J Comput Assist Tomogr 1985:9:1084-1088.

16. Mitchell DG, Hepatic imaging: techniques and unigue applicaticns of magnetic resonance
imaging. Magn Reson Q 1993,9:84-112.

17. Coates GG, Borrello JA, McFarland EG, Mirowitz SA, Brown JJ. Hepatic T2-weighted MRI: a
prospective comparison of seguences, including breath-hold, half-Fourier turbo spin echo
(HASTE). J Magn Rescn Imaging 1998,8:642-649.

—123—



18. Semelka RC, Kelekis NL, Thomasson D, Brown MA, lLaub GA. HASTE MR imaging:
description of techniqgue and preliminary results in the abdomen. J Magn Reson imaging
1996;6:698-699.

19. Tang Y, Yamashita Y, Namimoto T, Takahashi M. Characterization of focal liver lesions with
half-Fourier acquisition single-shot turbo spin-echo (HASTE) and inversion recovery (IR]
HASTE sequences. J Magn Reson Imaging 1998;8:438-445.

20. Yamakado K, Sakuma H, Murashima S, Nakatsuka A, Matsumura K, Takeda K. Comparison
of breath-hold multishot echo-planar and respiratory-triggered fast-spin—echo sequences for T2
weighted MRI of liver lesions. J Magn Reson Imaging 1998.8:432-437.

21, Stark DD, Wittenberg J, Butch RJ, Ferrucci JT Jr. Hepatic metastases: randomized, controlled
comparison of detection with MR imaging and CT. Radiology 1987,165:399-4086.

22. Murakami T, Kim T, Oi H, et al. Detectability of hypervascular hepatocellular carcincma by
arterial phase images of MR and spiral CT. Acta Radiol 1895:36:372~376.

23. Oi H, Murakami T, Kim T, Matsushita M, Kishimoto H, Nakamura H. Dynamic MR imaging
and early-phase helical CT for detecting small intrahepatic metastases of hepatocellutar
carcinoma. Am J Roentgenol 1996;166:369-374.

24, Yamashita Y, Mitsuzaki K, Tang Y, et al. Small hepatocelular carcinoma in patients with
chronic liver damage: prospective compariscn oOf detection with dynamic MR imaging and
helical CT of the whole liver. Radiology 1986:;200:79-84,

25, Hagspiel K, Neidl KFW, Eichenberger AC, Weder W, Marincek B. Detection of liver
metastases: comparison of superparamagnetic iron oxide—enhanced and unenhanced MR
imaging at 1.5 T with dynamic CT, intracperative US, and percutanecus US. Radiclogy
1995:471-478.

26. Blakeborough A, Ward J, Wison D, et al. Hepatic lesion detection at MR imaging: a
comparative study with four sequences. Radiology 1997;203:759-765.

27. Seneterre E, Taourel P, Bouvier Y, et al Detection of hepatic metastases:
ferumoxides—enhanced MR imaging versus unenhanced MR imaging and CT during arterial
portography. Radiology 1996;200:785-792.

—124—



