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T HME, SBA, OISEd",
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8 X 3FAA T AeHIGLN T4 7 s
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WA glol F94(in-
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A2 (p<0.05), &
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FEAA 24 A)FEEA 7S Al A7 TR
B3 ogake] ZEYS WX Bk o2} 74 A7 d A3
HEA|A 5 gleh A A} ol 2, 2% e 3 2 Echo planar %4
Zg}ol] o] &5 vkt TFA A P Eo) 7 27| FE % Aol
A=) gled(1, 2). Fast multiplanar spoiled gradient
recalled echo (FMPSPGR) <dA-& 14 2}7] 3934 vl
F9| IR 2N ZEFAR Fob 2 0% T1 A2 44E
XJ]%'—?}"/}(Z) AW FA, 744, s}}%EU](matrix size), flip
angle ¥ receiver bandwidthel] 7} A 3] H4~E= o] £3
o A B35l u} 9lch(3). FMPSPGR ¥ TEE A 317
o w2} %9$4H(in-phase) dAtT} ¥ ¢ Ak (opposed-phase) %

ol Aol on] gl
M Q94 dAelA ERoHp0.1), e A TGS

FXA 3 A 7] A=

77k s Qe A Eobe) Fallol A - izl A0 ool A

Aol HolA gpgkeh. Z-ulg7 vz
BA4 G4lA o ¥

04 4% 499 242
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sholl A 94 D FHA A 7H] v AT R Bt
A2, 2 Aol obF =219 2x)7} gloH, UM =
FHA A T G 9AF kA 2he] Bl oAl Hi g Xt §lsd
th(3, 4). 28 PE AAEL FMPSPGR uh4]3lellA] E94
ATt A4k dAE vl aske ATE AAE 2 FAE
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SEIX T L= A A7 BHIYM S A2 FMPSPGR 42 H

7 554), AL 249, o3Ar} 219 elqinh. 7t W o] Ak
7| Egb 3d), H3E 259, gk 3 109, 2P E 54, 2
gk 1o, ojqk 29, A A HZE] o FoldaL, 3ol &
Al =7 3otk 7]"1]1%% 2] AA), afetoproteinx] 2] 2
7t dazds 27 9 3 e g3 6]—931:} 2EA

olgk, gHehil 2k, UshET 1B Aol $42 #3154
% 933 5 8 e 42 o doln e duse 28

of, A7l EEe A B A el 4 o2 st
o dEe 4713 Ac} Waksleksgo), 285} 2402 4

-

A3 HAY oY

15T =}7)3edAr3%(Signa, GE Medical Systems,
Milwaukee, Wisconsin, USA) 3lollA 53 AHF LS Al
g3te] A Aglrh BE 3txjell A 2 ub-E7F A4 943t
F94 34 71w 9] FMPSPGR %Ak Alegsledct. 7F A Aol
A 1649 opd FAF dAE ot JA7E 2HE 7 9l
< & o) ghajel = 1245 FAF dAE ek oF 71d
BS54 flip angle 70X, FOV 28 —40cm, matrix 7] 256 X
128, A& 33F 1352} 16 kHz receive bandwidth® A5+
o} TEE 9914k Aol A 2.6msecdl 3L FH4F 3ol A 4.2
msecdth. TR A4 443 T dAdelA 27 152
3—153.8msecs} 177.9—-178.4msec®] HHE FHr}l HAF A

2 A9gak odatellA] 2%, FHA; dANA 2127} A8 EH
= —:—E Nz}l A T4 AdHe|E TR 3500—4000msec, TE
100 —120msec, 16 —32kHz receive bandwidth, 8 ETL, 256 x
256matrix 27], 23] A ZHF3R 4L AAE Aok F
ogk wW4shel4l 0lmmol/kg Gd-DTPA (Magnevist®,
Schering Ag, Germany) 34} ¥ 1%, 45%, 902 ¥ 10 A
odedAke ¢4 FMPSPGRE o] &3l 53 27344

4 ek I’f—‘%i%ﬂ]i 374 gadolinium Z47%
FMPSPGR ¢34} Holl = A e]star A4 wH-S A3
2] e Ak @Es}fﬁ

F4 24

dabe A Be) B5eh A2 gelsh g3 HEsAch F
A S B BT AT 17 1A £ PN
wssisl A2 ot 4 el Akl ol
A Y RE AN wste & Eel A By 8 Eh
o $ARYE ASIak) Aol A7 Lom vk 4 HEE A
S T4) W e STk 249 MU AL 10-94
cme]ITh(4 3 2.7em). FAAA | HAH TLaBE AH-

Table 1. Number of Lesions Detected on Each Sequence
for Bach Reader

B OP(%) 1P(%) Combined{(%)
Reader 1 61(78) 66(85) 71(91)
Reader 2 61(78) 65(83) 69(88)
Reader 3 63(89) 65(83) 76(97)

IP; in-phase images, OP; opposed-phase images
Combined ; IP and OP images

Table 2. Statistical Differences Between Pulse Sequences
for Detection of Lesions in Each Reader

IP vs OP 1P vs combined OP vs combined
Reader 1 NS {(0.05 {0.05
Reader 2 NS NS (0.1
Reader 3 NS {0.05 (0.05

IP; in-phase images, OP ; opposed-phase images
Combined ; IP and OP images

Fig. 1. A metastatic lesion from a carcinoma of the colon detected on IP image (a) but not on OP image(b). IP image
clearly demonstrates a subcapsular hypointense mass at the lateral segment of the left lobe of the liver(arrow). How-
ever, all readers failed to detect the lesion on OP image because of the nearly isointensity of the lesion from signal sup-

pression of surrounding fatty liver.
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of 7 W djod zhel FAR FAA 2h W), W
S %k MR daboll 4] w1 ke 3

o NF FEE F9l i e A5 RS Ak 5
591 el SEQA A3 A4 Yol
1o 2R, LE B
DR ECEEINEREES

1ol ol ah Fahck
—7}e] Y =hA-ew ; (SIs—SIL) /SDBN,
W] o) ) =i AHe] ; (SILE—SIL) /SDsN

SIs : signal intensity of spleen, SILE :signal intensity
of lesion, SIL : Signal intensity of liver, SDBN : standard
deviation of background noise.

e AE Al e F5o] Foslel] TFe o7t AFF

HEe fiel met ‘9, S W ERPe A dAlR 7
akict.

W U7, Als o gk, 2 A3l o] Ae) 7t FAI A o
2 FolghA] ol 7] 93| paired t-testE AFS3IA T A}
9] #-g Hr}slrl 98 Wilcoxon matched paired signed
rank testE o] 83}t

7

oFe] 4] 23 AT E 13 200 AAIF] olek. BE
Sol7h S04 ool 94 daeh o B g
sheiont A o4 falch FA4 Gl B
2,301 22k 7,10 % Gelloll Al w2 o MRS (Fig. 2),
94 A A7t 1,69 6ol g ol wAskdTh T
23S P DA AFE(EA + A9, B39 19} 20]
ofal 2z dellol A W BFe) FoA o4 e B
So) ueh Z7ksedrh(Fig. 3). 94 A wasd e 4
%, T AL Rl BEIHE o) 494 G VS BRI

1

Y R

o
_Lm
—

J

71 B} BE f5odA Wd-Ee| o5 F71slgdc) 59
Ab odaksl v walel &
(Table 2).

= 859 1336 At Z7lslsc}

7re] Azdizhgale FHA dakel A of 9431 (p0.05),
ZhR1A dziatgele J9ad dAdelA] o ek (p<0.])
(Table 3). 7t-#¥ dlzdistguls S AA o2 folg
z}o] B Holz| gotout(p)0.l), ZHA Eeke] djo| = od9)a)
Grtoll A BAIA L2 o3l o %SkcH(Table 4).

oJAle] g =73l e E9Aaka) Ak A | F}o)
5 Holz] ¢dstct.

I %

34 Ap7gedde] e 3] ZFARANE w2 AsdAt
+H19] 7t 444 7heAl skdth. FMPSPGRAANS 7ke 114
47157 3 AR ’\‘liqﬁl’i‘ﬂi FOo|ATEE 4347194 %
> g 59 A 2 uAE o
#|8kaL 9\1‘:}(3—9).

FMPSPGR 34-2TEE A9 3l we} £/ 24 7he] 54
Abedaelu A9t S & ¢ Adok(6). B3 Ak A%
Ao 4 A &2 o2 39 F3E zh=t}H(chemical shift). o}
2h4] 90° F 2 o] Fol] Aukat 22 A2 o g F) R Ade
315 Balc), ey, dubE el A3 dAk e A= TE
7} 38-3] 7231 180°9] refocusing pulseZ} 7}sj 2| 22 xJuba}
£2] F7] Apolw Aol vieds] 2] ¢ba A 2o A7} A
Al dafe] whEA= FAAkel cdate] fojzich v
FMPSPGRe|-} FLASH®} 72 & ARALA] 3 Atell A vl
£ 7o TES A8l 180°9] refocusing pulse® AHE-3}1#)
¥org TE gts Alddtel ot &3} 2dbe] 54kl A

B

Table 3. Comparison of SNR of Liver and Liver-to-spleen
CNR

P OP P
SNR(Liver) 41.1 £16.0 38.0%x 158 (0.05
CNR(Li/Sp) 36+ 56 42+ 5.8 (0.1

SNR; signal to noise ratio, CNR ; contrast-to-noise ratio

Fig. 2. False-negative detection of
an hepatic adenoma on IP image by
two readers in a case of glycogen
storage disease.

a. One hepatic adenoma (arrow) was
E missed on IP image at the initial
® examination although the other les-
ion on the lateral segment {curved
arrow) can be detected.

b. OP image clearly shows both of
the lesions. Note the diffuse hep-
atomegaly in this case with glyco-
gen storage disease. Liver signal is
diffusely decreased on OP images
due to fat-water cancellation. How-
ever, fat-containing adenoma in this
case showed a more prominent signal loss.



SEHEIXN T Z= 2 A7 IZYY 0N SR A4 FMPSPGR HAte] Bl

v g9 4del] sle Eakollwt g A3 E A ees F Hak Al
37} Haf A dejzl= GaHFH4 2 F B2 2wt A
wo] cdafo] dofrl=(9)Ah) FAbe] 7). 15T A3}
o 4= TE7} oF 2.1msecd wf, H 944l giAl =32, TRo] oF
4.2msec o, 5214l A =™ 6.3msecel] A= thA] 24}
2ol A "ok, 714 Aol et A9 dAHS 98 TES
2.1 —3msecE 18371} 6~ TmsecE A48 5= gju).
o242 g e TRE AMH-& 4 Soli= TEZ} 2He 4%
FTUZ A7l @ dHE #AdF Fglerz TEE 21-3
msec A E7HA] AHEE 7 ol A-tEhH oAt dabg o] 43
W b= FAE F o B Al gkl daks & 4 gle A
otk & ATelAe A= 26msec, Aol A= 4.2

Table 4. Comparison of Lesion-to-liver CNR

msec®] TEES AH8-8t51 3, A 7h& 23sl7) $1ste] QA%
Fo FHTE AHEE] f1sked TR & 9ol 4] B} £9
Aol Al Aol onz oA AZEE F94F date) of 32 Ao
At

2 AT Ak T4 WS g slo] S914k5} o9
A BAALE Folg olE Bolx oot a2, F oA
< @A o] &3 & o T JHET] o) WA Bo] otk F
WS AR 52 53] 9ok B 2AS A
WS dAatell ] A9 Q1A 5] A] edghont F o3k A
o B55HE o) S o A3 AR ¢ ek 7
22 7 ARE FHAkske AR 5% olyjo| BE F ub
+ AHgshe AL F A A2 A $7HA7)1A) et

Diagnosis Mean
Unk Adeno CCC Cyst HCC HMG Lympho Mets

n= 3 5 1 10 31 25 1 2 78
Mean, CNRip 4.99 6.08 15.40 18.57 5.96 14.07 5.30 16.31 10.53
Mean, CNRop 0.89 5.82 15.10 19.13 8.24 13.61 2.08 13.81 11.07
SD, CNRip 4.43 3.00 — 9.54 4.85 5.44 — 8.33 7.63
SD, CNRop 0.99 2.28 - 8.94 6.09 6.76 — 12.65 8.05

p-value NS NS NS NS {0.05 NS NS NS NS

n; number of cases, Unk ; Unknown ; Adeno, adenoma ; CCC, cholangiocarcinoma ; HCC, hepatocellular carcinoma; HMG

hemangioma ; Lympho, lymphoma ; Mets, metastasis
CNRip ; Contrast-to-noise ration in in-phase images,
SD;standard deviation, p-value; paired t-test

CNRop ; Contrast-to-noise ration in in-phase images

Fig. 3. Lesion detection is improved by combined reading of IP (a) and OP image (b) in a case of recurrent small
hepatocellular carcinoma. One hepatocellular carcinoma lesion (arrow) on the lateral segment was missed on the IP im-
age due to complete overlap with the pulsation artifact(curved arrow). Although the lesion is partially overlapped on
the pulsation artifact on OP image, the lesion can be depicted on initial interpretation. There are focal linear
hypointense lesions from previous partial resection of liver (small arrows) and a small hemangioma(arrowhead).
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4zl 2

£ A7 7= Rofsky 5(4)# Martin 5(5)¢] X3 53}
fARE A3 Holar gl2w], FMPSPGR °34te] 7k 27|34
odatel o] 49 o= F W& Al k= 7o) eldsleiz}l Azt
ek
£ dtdAe, TRE 947 994 447 2ol & 7
3 TEel| we} HAastste] 7153k jF 34k A7 A H ok
o] A% TN el A 2 71 TRe| 7He] A3 =
E 37 S 71 g 9l 9 7 TE= 449 Tl
ANS 72 itk 2 A, 2k Alsdikg)e At
Aoz T4 AN =k (p0.05), ZH—rlA iz
AelE G4 Aol A o Eshek(p<0.1).
7 —%3 dazdierles A FEdA 5 71zt fo
zpo| 7} sl ok, ZHA E9ke] Hg- G d At A foshAl
o AFE 2ok o]l F37} A o] WA A A
< 8 7 EFe] A ol = G el A T ZF A A o
3 AAZFEE F7AA ©] A 2]l Aoz Pzt
A9} o Abef| 4] # )&} ring-cancellation artifact w2,
2L Y Was BY R e o] sith = o Al
& vk Ak gRjell A vebd 4= qloh A9)Ak AAtelA
7 A AR A A, A o2 A 7h
o] AZAEI} TAA EA Y Atz o dMEE
Hojzd Flo|ch(Fig. 1).
5w g Alggto 2 FMPSPGR oAbl Al #1213 ut5
ol &gt TR EY FAAE S5 5 ook 7P i
9hE f% £ phase encoding Wako] AFY of 52 <]
sle] 7ke) o & Folol A Faich whef & whwo] vhF £
=9 58 ??} Aol A =9, EPERA = sl ol vt
A48} 9] 8}7] 13l phase encoding W3FS- o}
2A st F W A I st glch ey G904k datst 5
A4 AE FAl ABE A9, hsREEY] $A= TE 3t
o uhe} depx] A ek W o] 91X v gSoF gls) wh
o] #&E LolaA & 5 sich(Fig. 3).

AN A T4 A A= A1FERA A 2AH
T1 7z 443t Age 5 e, 2962 JAdME F=
A wke] 457 27} inphaseo)”] wjfolch & A7-ollA, &3
o2 T1 & <343 T4 A2t viae AlgshA] odslel
Teivt Bl A 37E o] - Aol A A9jAtT) Ade 3 Tl 7}
Z oY AAA vl g A vk ATHB). o] d ATl F

94 FMPSPGR %34to] 2do|E Tl 742 GAel A Hal &
€ 23S AR 2R AAES o]n| 2o T1 7#&
o3 A& FMPSPGR ©3 42 2t =3}k ch.

AEXN L2, FAaA 7F WS dAshed] o] el
A dAE AE B eo]d, F 71HE FA]l *1631“1
W = A} A]ﬂ'—— A Z7}A)7)R] 3 wiue] WA ES o)
b B35 € 7 UE A2 FE A%
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Comparison of In-Phase and Opposed-Phase FMPSPGR Images in
Breath-hold T1-weighted MR Imaging of Liver

Myeong-Jin Kim, Man Deuk Kim, Hye Sook Hong, Jae-Joon Chung,
Hee Chul Yang, Jong Tae Lee, Hyung Sik Yoo

Department of Diagnostic Radiology, Yonsei U niversity College of Medicine

Purpose: To compare the effectiveness of the in-phase (IP) sequence and the opposed-phase
(OP) sequence in the detection of focal hepatic lesions in the single breath-hold hepatic MR
imaging with fast gradient T1-weighted pulse sequences.

Materials and Methods:IP and OP Tl-weighted breath-hold imaging was performed using
fast gradient echo sequences in 45 patients referred for known focal hepatic lesions, in which
78 lesions were detected. Three blind readers independently reviewed the images for lesion
detectability. The signal-to-noise ratio (SNR) of the liver, the lesion-to-liver contrast-to-noise
ratio (CNR) and the liver-to-spleen CNR were also compared. A consensus was reached by
three readers to determine which sequence is better in image quality.

Results: On OP images, 61(78%), 61(78%), and 63(89%) lesions were correctly identified for
reader 1, 2 and 3, respectively. On IP images, 66(85%), 65(83%), and 65(93%) lesions were
detected for each reader, respectively. When two image sets were combined, 71(91%), 69(88
%), and 76(97%) lesions respectively were detected for each reader. In cases of hepatocellular
carcinoma, liver-to-lesion CNR was greater on the OP images(p { 0.05), but in other lesions sig-
nificant difference was not demonstrated. Liver-to-spleen CNR was higher on OP images(p ¢
0.1), but the SNR of the liver was higher on the IP images.

Conclusion: Use of both IP and OP imaging can be helpful to avoid erroneous missing of
some focal hepatic lesions.

Index words: Liver, MR ; MR, chemical shift ;
Magnetic Resonance(MR), comparative studies

Address reprint requests to : Myeong-Jin Kim, M.D., Department of Diagnostic Radiology, Severance Hospital, Yonsei
University College of Medicine, # 134 Shinchon-Dong, Seodaemun-Gu, Seoul 120-752, Korea.
Tel. 82-2-361-5843 Fax. 82-2-393-3035

— 147 —



