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(Version 12.0 M5 Release 12.4, GE medical systems,
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4 (in—phase gradient echo T1 weighted image,
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ms, flip angle 60°, bandwidth 31.25 kHz), I1&AH o
3 T2 7294 (Fast spin echo T2 weighted image,
TR/TE 4000/160 ms, bandwidth 50 kHz, echo train
length 18)3 AW A A& T2 F=2FA,
FIESTA (Fast imaging employing steady—state
acquisition, TR/TE 3.7/1.8 ms, flip angle 70°,
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9] Bl &Z& 4AbE5to] oo {3t Ao|7t YA AR =
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ofE gt #9 Q p value)©] 0,057 ¢ FA4
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1.
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oS Aad JAZUYL 374 At °l& A FFAT
7)o met E7E sHH Sl Auets A A& T1
B71E 89, 537 &3 T2 “*71“ 89, e gre
Z A& T3 7] o] A2 2991 ole= TUY 2=
neh 275t 858 B A 8539 FH7E 37N
I E2EE FAY ARste FE7 8 AT

X‘é%‘?}ﬂ TY7 94 A e = A7)3H 944 HA
% (41/45), 223+ HAE 86.7% (39/41)F rebst
=2 T1 bﬂ7l 8o Foll A7 B Fd HAR= 75.0% (6/8)F
253 HA= 87.5% (7/8)8 AEstA AdstdlaL, T2 ¥
7] 8¢ Fofl A7 5 B4 AAE 75.0% (6/8)8 =21t A
A= 50.0% (4/8)F Agrs] Adkstgich T3 0|4 #7]4
A= A7 E I AAE100% (29/29) REFE =&
T HAE 96.6% (28/29) A&3] sttt (Table 1).
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& 717] kel FAA LR |3 Afol= (it (p ) 0.05).
27| A2 B A7 FH I 250 FAA =
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Table 1. Diagnostic Accuracy for Colorectal Cancer Specimen on MRI and US

T1 More than T3 Total
MRI 6/8 (75.0%) 6/8 (75.0%) 29/29 (100%) 41/45 (91.1%)
UsS 7/8 (87.5%) 4/8 (50%) 28/29 (96.6%) 39/45 (86.7 %)
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o T Akst A9 24 28|31 A At H9 34K

2 71& T3 ‘%‘71 oo g st
& FH A7hdke] qo) 7t o] 2 FF o3
FAgo 7 293% ALt i
718 T2 ¥7]2 A3t 199} T2 H7]

A

ET 292 o] F T3 H7IE T2 H7IZ A
@3t 1= %"J—J 2717F12 em O 2 W &4 & =44
o2 Aztu gro R %‘—°'C Aol glof AAATE % A

= ol 2597 ARk ol 9| %3,
T2 ¥71E T1 ‘%‘ﬂi AR 20 FF H20l A= 25

g h
Fig. 1. Rectal cancer (T1, polypoid type).

a-b, g. T1 in- and out-of-phases and DWI don’t show exact layer of tumor involvement.

c-f. FSE T2, FSE T2 fat-suppression, FIESTA and FIESTA fat-suppression show tumor involvement of submucosal layer with preserved
proper muscle layer (arrows).
h. US shows hypoechoic tumor involvement (arrow) of echogenic submucosa with preserved hypoechoic proper muscle layer.
i. Histopathology of the tumor (H & E, x 10) is confined to submucosa.

http://www.ksmrm.org
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9 Ao 27 FH A L2559 A2 A2 Aol7t HEF (Fig. 4) Fefeh FH}lol 299 (100%) EFoJA,
ouja o] AERE FFE FHHLE oA B4 e 25T HAR B HolA AFT A 19E ALl 289
et o] AS AT (Fig. 2). (96.6%) B A FEsHA ST,

Aepsolu Al S 7R Tl Hadt T8 o149
W7 B A7 T A BF 853 (Fig. 3)olut

g h i

Fig. 2. Rectal cancer (T2, ulcerative type).

a, e. Tlin-phase and FIESTA don’t show exact layer of tumor involvement.

b-c, d, f-g. T1 out-of-phase, FSE T2, FSE T2 fat-suppression, FIESTA fat-suppression and DWI show tumor involvement of submucosal
layer with disruption of proper muscle layer (arrows).

h. US shows hypoechoic tumor involvement of echogenic submucosa with just thickened inner hypoechoic muscle layer (arrow).

i. Histopathology of the tumor (H & E, X 10) is invasion to proper muscle layer.

http:/dx.doi.org/10.13104/jksmrm.2013.17.2.133 http://www.ksmrm.org
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2. AV |SHAMT|Y WA n&Agof| 2 T2 F2 P4 374 (82.2%), FIESTA
AR AA 220 Qo] 7| g Ao Z4zte] A Aol 334 (73.3%), AHAA FIESTA F4do] 179
A B2 F2 Aol FrtE A AAE AU (37.8%), BAERGA 99 (20.0%) ATt ©] 5 27| 2
FRPE Y BAA Y L2 Gt HE2 At Z H AT T1

T1 7294 159 (33.3%), A= &4 T1 7% A
119 (24.4%), &AW 3 T2 2 FAF 419 (91.1%), A 2G40l 449 (50.0%), Atz B4 T1 Fx G4l 3

¢
Fig. 3. Sigmoid colon cancer (T3, ulcerofungating type).

a-b, g. T1 in- and out-of-phases and DWI don’ t show exact layer of tumor involvement.

c-f. FSE T2, FSE T2 fat-suppression, FIESTA and FIESTA fat-suppression show tumor infiltration into pericolic fat tissue (arrows).
h. US shows hypoechoic tumor infiltration into echogenic pericolonic fat tissue (arrow).

i. Histopathology of the tumor (H & E, X 10) is infiltration into pericolic fat tissue.

http://www.ksmrm.org http://dx.doi.org/10.13104/jksmrm.2013.17.2.133
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o (87.5%), &AW T2 2G40l 64 (75.0%), A ATz POI 11041 (29 %), ﬁAMl oA T17H2 Y
LAA LEAHANFE T2 FRFA] 49 (50.0%), Aol 84 ( %), LEAHUA I T2 F2GA0] 359
FIESTA g4Fo] 3¢ (37.5%), AW A| FIESTA g4l 2 (94.6%), Xl °*xil J.iMJOIl:' T 7z gArol 334

o (25.0%), AR GA0] 19 (12.5%)FTh E3 T2 (82.2%), FIESTA Aol 304 (81.1%), AL A
7] o] o 2 AP H Ao A9 H]E&-2 HAZ A Y FIESTA Aol 1549 (40.5%), SAZ =G Aol 84

g h i

Fig. 4. Sigmoid colon cancer (T3, ulceroinfiltrative type).

a-c, e-f. T1 in- and out-of-phases, FSE T2, FIESTA and FIESTA fat-suppression show infiltrative tumor invasion to pericolic fat tissue
(arrows).

d, g. FSE T2 fat-suppression and DWI don’ t show exact layer of tumor involvement.

h. US shows ill-defined hypoechoic tumor infiltration into echogenic pericolic fat tissue (arrow).

i. Histopathology of the tumor (H & E, x 10) is invasion into pericolic fat tissue.

http:/dx.doi.org/10.13104/jksmrm.2013.17.2.133 http://www.ksmrm.org
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Table 2. Ratio of Satisfying Imaging among Seven MR pulse Sequences

T1-in T1-out FSE T2 FSE T2 fat-sup FIESTA FIESTA fat-sup DWI
T1 4/8 (50.0%)  3/8(37.5%) 6/8 (75.0%) 4/8 (50.0%) 3/8 (37.5%) 2/8 (25.0%)  1/8 (12.5%)
T2 & T3 11/37 (29.7%)  8/37 (21.6%) 35/37 (94.6%) 33/37 (89.2%) 30/37 (81.1%) 15/37 (40.5%) 8/37 (21.6%)

Total 15/45 (333%) 11/45 24.4%) 41/45 (91.1%) 37/45 (82.2%) 33/45 (73.3%) 17/45 (37.8%)

9/45 (20.0%)

Note.— T1-in : gradient echo T1 weighted in-phase image
T1-out : gradient echo T1 weighted out-of-phase image
FSE T2 : fast spin echo heavily T2 weighted image

FSE T2 fat-sup : fast spin echo heavily T2 weighted fat suppression image

FIESTA : fast imaging employing steady-state acquisition image

FIESTA fat-sup : fast imaging employing steady-state acquisition with fat suppression image

DWI : diffusion weighted image (b = 1000)

(21.6%) St (Table 2). o] ¥ 7k A A 5 AA 2]
é%“oﬂﬁ T2 27 AAZLNA FAZHSE Fo5HA

T lEW 7HAE 7HAE A dde AE2WUE T2

Bz9492m (p €0.05), THo 2 AHoA] 1&AHo
5 T2 742973l
T oz

A A% A5 AT A1 FF H7Ie 1o e A
P2 3o e D% Beo] ok (2). AZARAY
TF H7]1= AJCCOlA A3 TNM 7| & o|-&st, T
& 7ol duA Y o] A= 8|3 ¥4 HolE 7|&
2 Z23HH (9, 10), & HF Loz i%& A&, WAA
4 Aur AAl=, )\)\xq T4 AAlg, AAT FH dAls,
&2 T 2 A AR B9 AR HE dee €
‘:} 2, 11, 12). B3], 27] 424U B¢ Y I& 2
o| & AgstA Adst= Aol A HAY wi¢ STt
Solr, AP H AAAY B¢ TFY H&ol A7
2} (mesorectal fascia)Z} 01‘:— e A7t 9o|A
B7ksh= Aol Fasith (12

AT 44 F 0k %7] Bt = °”ﬂ}3‘1 OE
st S Zgw, A7 334 AL WAEE 2
A 4 FDG PET-CT (fluorodeoxyglucose posm“on
emission tomography—computed tomography) 59|
ARG E, AR = WAIE A 2AHA R 2ol &
A = —}F% A FTFH7IE d4sts 223 A
AASIGS Zgroltt (15, 16). IS A7|29 A 9
ZH9 ‘ﬂltH, A7 Holo] it F71E vluF AHHor
o Qo T4 A Mg Hold HeiM= & 5 8l
o Hold x| wEo] o]t G| ot EIF
Z2GA Y& A AN FE g HT7L F 5t PAA 9
LEHA Ao

olo] v|af| 275 A2 7|2 H o2 HASH

Nloﬁ Nr°“
r:l

>

N

o I
L= A

,,
2l e H

1=

%

o])lr

29 9
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Aol Hl3 EEA £, YRR ohlet AT, BA
W 59 kel Aol Fhte] AABTZ Y Gae B
$4 matel] g3 S B 2 T 4 ow] HHe
58 2R Fof gloE £ We| Jake AL & It}
£ 7ol gt 2L S B9 Aol nAH A
o 718 A GAF Azre] Lo] A% Fo| o3t
mope] Wish EFolt Boe Wl o AFSY L
2 A8} G4 Ao] HakE gy wEe] A1 FFGY A
7 AAEa S Fgol s AU FF 57 2H
& ol g4 gl

A ol T ATHL o= A= FHT £ Y- B G

/}}7]‘,11% é— &2 GA7|H (fast scan imaing), &
Wy F4719H (parallel
imaging), & BAMS (respiratory triggering), AF&E
3}& (presaturation), AWAS JA 7| (fat suppres—
sion) o] WL E Ut o|¢ HEo FEF JAAY £
4 =, 37, BEAA (ferumoxides), 7t =8 &
(gadolineum), Y4 =E AEHE (ammonlum citrate)
Y 2FA AL A AT Y S FE AASY
ot (17-19).

2470 A 22 A o7 A4 Ao FAT g
FolA 7P ek Ao g 4 A Qo 28y g2 RuE
A4 A1TY G B RS 2 5 FEIAE ol

23 SRS AT 93, AW R A Mo RE T2 7]
‘?ﬂol T1 7Y B} 3t ST (20).

4 (multichannel coil),

ML ARYRTHE F2 AP B9 A% U
ol U B9 2UE o go1o) 7] 2RI
AE AT FF §1% GuA Holo] it AL 5

9o
2 o0 of Aazel i wRE= 22t 439 @
AH At (7, 22). ol 2
A2 gx 5 271 2H S 7&*}% sk Ao] £71
7] mj&ol2tal SRt
Yamada 52 A24Y 229 29 Z9& 0|83 3D-

CISS (constructive interference in steady—state) A}

http://dx.doi.org/10.13104/jksmrm.2013.17.2.133
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G A =7 S B B O] E2 TF F
Ho| A A 22 o] o] FAA AR F AR FHO]
ZHEo Ak (20). 2 AFAA 2GS 229 ¥
FYE o] 83 A7 TP I TF H2 Aol g &
Tt 91.1%%, Yamada 59 =&23 79 dX|3t= A3
o 2y 27) JARAT 1se e i FFEE 75%

Z "ojA o3| Agtdol U
WA A 2559 35 oAl 9] FEEHE A=Y #ol
(Z-A-31-A-1)2 FH Yl 7|9 & (HHF, HHsts
AN FESk] Bol Eoha dEA U, ol
Ao TF W7l Brte] g Huvt A&Ho=
ok (18). A W 259 HAte S ALY %
B7tel gt g3 Ferert 7P $psitha By
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In Vitro imaging of MRI and Ultrasound for Colorectal Carcinoma

Hwang kyu Lee', Keum Nahn Jee’, Sujin Hong', Jae Hyang Koh?
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Purpose : To evaluate and compare the accuracy of magnetic resonance imaging (MRI) and ultrasound (US) for
detection and estimation of invasion depth of colorectal carcinoma (CRC) by correlation with histopathologic find-
ings in vitro, and to find out the best MR pulse sequence for accurate delineation of tumor from surrounding nor-
mal tissue.

Materials and Methods: Resected specimens of CRC from 45 patients were examined about tumor detectability
and invasion depth of US using high frequency (5-17 MHz) linear transducer in a tube filled with normal saline and
MRI in a 8-channel quadrate head coil. The institutional review board approved this study and informed consent
was waived. MRI with seven pulse sequences of in- and out-of-phases gradient echo T1 weighted images, fast
spin echo T2 weighted image and its fat suppression image, fast imaging employing steady-state acquisition (FIES-
TA) and its fat suppression image, and diffusion weighted image (DWI) were performed. In each case, both imag-
ing findings of MRI and US were evaluated independently for detection and estimation of invasion depth of tumor
by consensus of two radiologists and were compared about diagnostic accuracy according to the histopathologic
findings as reference standard. Seven MR pulse sequences were evaluated on the point of accurate delineation of
tumor from surrounding normal tissue in each specimen.

Results: In specimens of CRC, both imaging modalities of MRI (91.1%) and US (86.7 %) showed relatively high
diagnostic accuracy to detect tumor and evaluate invasion depth of tumor. In early CRC, diagnostic accuracy of US
was 87.5% and that of MRI was 75.0%. There was no statistically significant difference between two imaging
modalities (p > 0.05). The best pulse sequence among seven MR sequences for accurate delineation of tumor from
surrounding normal tissue in each specimen of CRC was fast spin echo T2 weighted image.

Conclusion: MRI and US show relatively high diagnostic accuracy to detect tumor and evaluate invasion depth of
resected specimen of CRC. The most excellent pulse sequence of MRI for accurate delineation of tumor from sur-
rounding normal tissue in CRC is fast spin echo T2 weighted image.

Index words : Magnetic resonance imaging (MR) - tissue characterization - Ultrasound - Specimen
Colorectal cancer
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