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Gadolinium-enhanced MR. imaging,
T2-weighted MR Imaging, and Transurethral
Ultrasonography

Keiko Mizuno", Taisuke Sasaki®, Yoko Saito?,
Yoko Itabashi?, Hiroyuki Miura?, Hiraku Yodono?,
Yoshinao Abe? and Toshiaki Kawaguchi®

Purpose: To assess the value and problems of dynamic
gadolinium-enhanced MR imaging, T2-weighted MR imag-

ing, and transurethral ultrasonography (TUUS ) in staging of

urinary bladder cancer.

Materials and methods: Dynamic gadolinium-enhanced MR
imaging and FSE T2-weighted MR imaging of 64 patients
with urinary bladder cancer who subsequently had surgery
were retrospectively reviewed and compared with TUUS
findings.

Results: Specificity for muscular invasion was 90.5% with
TUUS, significantly better than with dynamic MR imaging
(64.9%) (p < 0.05). The rates of overestimation of superfi-
cial cancer (pT1) with dynamic MRI and T2-weighted MR.
imaging were 35.1% (13/37)and 24.3% (9/37), respectively.
The staging accuracy of invasive cancer (pT2 or over) was
85.2% with dynamic MR imaging, which was better than
the rate of 75.0% achieved with T2-weighted MR imaging.
Conclusion: Although TUUS was a better modality for di-
agnosing superficial cancer (pT1), dynamic MR imaging was
found to be better for diagnosing invasive (pT2 or over)cancer.
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IBERERE DWTRITIE BRI, L OUE R TFHH
EBVWTHEETH S, MATGRERLRINICIIERRETS L
T & 7zcomputed tomography (Ll T CT) %245 bR 38 £ 38 25 1k iy

Ji& % (transurethral ulirasonography, LA FTUUS), conven-
tional magnetic resonance imaging (UL FMRI) (20N z2 T, ¥
fEdynamic MRIOH AL E S (s Sh, HEBIZHET
EhTwaYY, LarL, —Fh Tdynamic MRIDERSE(L
conventional MRI®CT 2: ﬁnl FHNIIFEEED RV E O
HVR, pTILESI THKFHEORAED EDIED A5
s, 4llbibiiddynamic MRI, MRI T2 5if{%,
TUUSIZ & &5 sRIERL ST & M 020 BRI BRE FE
HEZITV, COFHYE, MES, %5 IRt
TN BT HEEBITOED FHIZov THRET L 7.

HRBLUVFHE

19974F 2 H 70 520004F 5 A F TIZGARTRAABEA-ERA B I
[ 12 35 > THEFR 38 A 85 I I 5545 1 487 (transurethral resec-
tion, ELTFTUR) & % W MZBEBEMHHATAIETT < h 729061,
AT [F B2 Tdynamic MRIASHEAT S M 7z64B % af 5 & L
7z. MRIE T O MIALFRED AT S WAEBNI SR A
LRSI L7z BB k156, Fhiz16~89kE (F168.2
%) T Y, TURDS3AG, BEREERSTSIBRANAS 7 61, BEhbtss
s H23 BN AT E M7z, ) BTUUSDIET & 7z ?Did50
Bl T o 7. MRIODfEH # M E1.5T# & EMRI
MAGNETOM Vision (Siemens Medical Erlangenf!,
Germany) T, body array coil & F\v 7z, 154EET 2 Kef O HE
REZL D, &5 \WIZEREIENKIS0m] % FERE 1 Z5E
BEPIZEA L, BEREEEAS R & N7 REE THRMALIC THR
L7z, Bdgdid:id, ERimoT1 5% (spin echoi®, 540/
15/2 = TR/TE/excitations, FOV 25¢m, matrix size 192 X
256, AF A4 AE 5~Tmm, AT 4 AF ¥ v 70.20mm,
fWFMH 3 331 #), T2 12 (fast spin echoi®z, LLTFFSE
& WE$. 3000/98~-105/2 = TR/TE/excitations, FOV
25cm, matrix size 198 x 256, A7 A A& 5~7mm, AF

HARERSE §61% $£9%5
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A AF % v 70.20mm, WfEEERH 3 5218~4 47 )12 T
MEE OB 2R L, MBI OBEMEE ST 2 EED
i TT2 587 % (FSE#3000/96 ~99/2~3 = TR/TE/
excitations, FOV 25cm, matrix size 198 x 256, A5 1 A
£ 4~5mm, A7 A4 AF ¥ v 70.20~0.25mm, HfEH:MHE 3
5 1~21%) ##idE, & 512Gd-DTPAD %\ 3Gd-DTPA-
BMA 0.1mmol/kg & SEFHEL, 0~1070#4 520FHIF T
LHITI T 12 6 [H]Fast Low Angle Shot (LU FFLASH. 111
~113/4.1/90° /1~2 = TR/TE/FA/ excitations, FOV 30cm,
matrix size 256 x 1208 5\ 1512 x 143~177, AT 4 A&
4~5mm, ATA AFx v 70.20~0.25mm, PfEHET19%))
12 & Adynamic scan % JififT L. 7=.

TUUS D FIEFEIZSSD-2000 (Alokaft L, 24FrifRiE
W7o —~75MHZEH) TH 5. BHIZERERETIC, &
PEITEERREEC, BEBESEE L U L G2 T, WRSBRHED
W47 L7z (T.K.).

MRI D il {3 R4 250 00 IR e B | 2 e 1 7 W TG C 452
L 7-T2 i3 & Udynamic MRI # L FNIZDOWT, 34
DSHEFFEFE(T.S., Y.S., K.M.)ASEGOF#HZ LIc
FAUTHIT L Tretrospective 24T o 72, I 2EHE 13 H AR
B EL Y T HY IZAI D, Tanimoto 5% %°Kim
5V DB % BE B OBE SR T
bDETI, HEERIIARENASNE LD%T2, HEIEL
ETESRED L VIIEEHNRIAL R, PORENKERR
HZzREDHZVDDET3a, BHREMZHEZZDLb0%
T3b, BEEEHR~NORBELTRDOEb0%T4 L L7z, i
T, TRENOMRIDOEEZEOF S, A W{EEL, B:
artifact?’® % DIWEFHELERE OFEMTTAE, C | artifactD 729,
JEERERE DY EREE, O3 BREICHTTITo7/. 3480
FZ WG R I K appafiiEIZ £ D, interobserver difference %
L7

TUUS D&l 13 H AL R EFHE AR D o #8012
L, Bra—%R TGRSR TS b DERE
HE(T1), BEBEARRE S ANESS LS THAM & 5 Wikl LT
WHLOERREBM2UE) &L, HREHOFELHEL
72, BB X CBENA~ORBEZE (T2 LLE) DKo wn
Ti, TUUSIERHIE{ hvkFsh Tt o, P
WRBHTOHFEZRIIBVTY, HEEHOFEDHE
DAEBHLTVWAEDT, SROKRHZIEED Lo/, E
TRZEDHHA B & 0 HE 2 EFIITX & &L L 7.

TR S 00 & I ) 2 | B AR D 4l A8 1 2HE LT
Tofz. TbbILTEES L OCFLIEIRIEEREADPTa, Kl
FEARAIZER L7 029pT1, HREIEMIZH IR DY
WU EZMZ b D%pT2, HBEHIIEADD%
pT3a, BERCEFRNEII#ICERMES % b D% pT3b, HRANM
%, BMEEI-QEEICRETLLODEPT4 LEHXRSINT
WA, SEIOKETIIHEREI L VWEREEREL V)
BB TpTad L UpT1 268 TpTl1 & L THh- 7.

ZWESWR OB, Fisher DB HHESREE % FVTHE

ERC134E8 A 25 H
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BHEROME 24T > 72,

m R

X RFED O T EALRRF AV TRER 1 3pT1 3761, pT2 6 1,
pT3a 4, pT3b 114, pT4 6 FITH 7. MRIKEITH 5
FiliE COMIBIZ2~65H, FH19.2HTH -7, TUUSHE
T2 6FH F TOMEIIX 0~420, FHI13.8HTH - 7.

MRI T2 58 %5 & U'dynamic MRI T £ 6 TEEE #E D
FHEIDSTIRETH o7z, FEEBEICBIT 23 E MO —3
FIET2WHI D W Tt k= 0.798806~0.876099 (F3
0.835880), dynamic MRIIZ2DWTId k= 0.764125~
0.896574 (*F30.829815) L - 72, 3 & OFHIAH Hh
TREBIZDWTIE 2 BOBERISEIH L7120 0% BRI 2y
L7 3L DR Dstagek BT IERNIT 2 2o 72,
dynamic MRI33 & OF'MRI T2 S 1% 12 & 2 4 Bif i 555 12 5 B
ST & BRI AR O AR B A0 RE EE ST & O iR %
Table 1, 2 (2753 . dynamic MRIT D EEE D IE 7B
(accuracy) ¥, 4ffT73.4% Tdh-o7z. pT137HIHTI LIE
LIS N7z0id24451(64.9%) TH Y, 1361(35.1%) T
XA A RS A S L (Fig. 1A, B) ARl S M7z,
pT2 LLETI385.2% CIEMEIZHLERE 2 W L 2 72, MR
k) pTa?d 1 BT FEBEAZEHE L THB Y, dynamic MRI
BLUT2 MiigIC L H5EEOHEDSRETH o 72.

T2 G COEBHIIEETIS% TH - 72, pT1 376+
T1 EBWiT & 72013284 (75.7%) Tdynamic MRI(64.9%)
IZH L TEWHEIANC S o 2SR 2 WA BE T 2o 72,

Table 1 Dyanamic MR imaging and pathological staging

T1 T2 T3a  T3b T4 total
pT1 24 7 6 37
pT2 1 4 1 6
pT3a 3 1 4
pT3b 11 11
pT4 1 5 6
total 25 11 10 13 5 64

The overall accuracy of dynamic MR imaging was 73.4%

Table 2 T2-weighted MR imaging and pathological staging

T1 T2 T3a T3b T4 total
pT1 28 4 4 1 37
pT2 2 2 2 6
pT3a 2 2
pT3b 11 11
pT4 1 5 6
total 30 8 6 15 5 64

The overall accuracy of T2-weighted imaging was 75.0%
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pT2 LA L CHaERE & IEREICEHT L 2 72D1375% & dynamic 4A~C).

MRI(85.2%) |2t L TIERVWMEIZ & - 725, FHEEE %2 TUUS I X 2 Fir i 55 1% 08 BE RS WIT & BB 55400 AT 12 oD i B
572, dynamic MRIC#l KFHil £ M 7zpT1 1360, T2 5kl AL DY RIEREZ I & O LI % Table 3 12779 . TUUSHIAT
& TT1 & IEMECBHT S N/-DIZ 4613 b (Fig. 2A~C, Fig. Eh7zs50f60d, FlkfbDacoustic shadow 12 & Hartifact Tl
3A~C), 9#liddynamic MRI & [A£ (2 KFFH < 417- (Fig. B ORISR CTH o 72 5 6, BERTHEROIE S0 72

" 7 z
l \nall I L. (B)

Fig. 1A, B 72-year-old man W|th stage pT1 bladder tumor

A: TUUS shows a smooth bladder wall clearly demarcated from the tumor.

\B Sagittal dynamic gadolinium-enhanced MR image (FLASH 111/4.1/90°

= TR/TE/FA, 50 seconds after contrast material injection) showed total in-

terruption of the bladder wall at the base of the tumor, and overestimated
(A) the tumor as stage T3a.
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Fl‘g 2A~C 74-year-old man
wnh stage pT1 bladder tumor

A: TUUS shows a smooth blad-
| der wall clearly demarcated
from the tumor.

B: Sagittal T2-weighted MR
image (3000/98 = TR/TE) shows
the bladder tumor with interme-
diate signal intensity. Linear hy-
pointensity of the bladder wall
was intact, and the tumor was
diagnosed as stage T1.

| C: Sagittal dynamic gadolinium-
enhanced MR image

(FLASH 111/4.1/90"= TR/TE/
| FA, 50 seconds after contrast
material injection) shows super-
ficial enhancement of the blad-
' der wall adjacent to the tumor
(arrow), and overestimated the
tumor as stage T2.

(C)
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F
A: Axial T2-weighted MR image (3000/98 = TR/TE) shows bladder wall
deformity at the base of the tumor. The hypointensity line of the blad-
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(B)

ig. 3A~C  71-year-old man with stage pT1 bladder tumor

. der wall is not disrupted.

(c)

B: Oblique sagittal T2-weighted MR image shows papillary tumor and
intact hypointensity of the bladder wall. The tumor was diagnosed as
stage T1.
C: Oblique sagittal dynamic gadolinium-enhanced MR image (FLASH
111/4.1/90°= TR/TE/FA. 50 seconds after contrast material injection)

showed total interruption of the bladder wall beneath the well-enhanced

" II

g
i
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tumor{arrow), and overestimated the tumor as stage T3a.

Fig. 4A~-C 75-year-old man
with stage pT1 bladder tumor
A: TUUS showed irregularity
of the bladder wall at the base
of the tumor, and overesti-
mated the tumor as an inva-
sive tumor.
B: Coronal T2-weighted MR
image (3000/98 = TR/TE show-
ed interruption of the bladder
wall at the dome of the tumor,
and overestimated the tumor
as stage T3a.
C: Coronal dynamic gado-
liniurn-enhanced MR image
(FLASH 111/4.1/90°= TR/TE/
FA. 30 seconds after contrast
material injection) showed in-
terruption of the bladder wall
beneath the dome of the tumor
(a.rrow), and overestimated
the tumor as stage T3a.
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500 I IHERE O 33 BEFS BT |2 B4 A dynamic MRIOA HM: (22T o kR

ORI ICERE 2 W 2RO N o723 6, Mz
T ERho7z3 BIOFE1H1(22%) % Bk { 3961 (78%) TR
FEEOFHMATRETH o 7z, EE T TELdh o723 4l
N9 b 2 BlidpTis, 1 FlAPTaTdH o7z, stage TI £ T2 LL
LR, $abblEgomBREOFENEICBIT24
W {§Z I O L % Table 4 (2R T, #HHEME Dsensitivityld
TUUS 94.4% (17/18), dynamic MRI 96.3% (26/27), T2 i
#1%92.6% (25/27) L W h & HHET, $iZdynamic MRIT
Aoz, specificity (ETUUS£%90.5% (19/21) T, dynamic
MRI?64.9% (24/37) 12 L THEIZE < (p<0.05), T2WI
D75.7% (28/37) I L TEWEIZH o 72, TUUSIZTH
iz H 0 &aERKEHIG S 7zpT1 @ 2 f#liZdynamic MRI#P
T2WIT bl KRl S A, BEEER - CIBRAT 5 & OIBEbk iy
DhETT & 17z (Fig. 4A~C). negative predictive valueld
TUUS 95.0% (19/20), dynamic MRI 96.0% (24/25), T2 i#i
1493.3% (28/30) L VI b E <, T1 LBW LA O
TN EFIRLTWA, T2 LT &T3all Eof 3,

T b bR RO A DK EIT D WTT2 g &
dynamic MRIDZHIHE % LS 5 & (Table 5), EEHHER
1# Dsensitivity ikdynamic MRI100% (21/21) T, T2 5&i{%
90.4% (19/21) 12 e L TEVMEINIC B - 7 AT 1 E 21T
KON o7z, specificityld V3 $83.7% (36/43) TH
-7z,

BENIZE O O E (T3aLLF L T3bLU L & OHIB) 125
VT % sensitivity[¥dynamic MRI, T2 52 & 3 12100% (17/
17) £ # <, specificitylddynamic MRI1%%97.9% (46/47) TT2
B {593.6% (44/47) X V) @VMEIANZ B - 7225, HilEE
A2 7 h o 72 (Table 6).

z =

JEEREHE D iR LR E B X U FRHED ) 2 CHER I EEE

FERBWI S E b TEETH D, Fr ISR Y JE 5545 Ak
(TUR-Bt) D3l & % 5T1 &, BEbssHal o i & 7 2 T2
Db & OEMHELERNDS, MXBERICBWTROEEL L
L. ROT, T2UTET3all L DENNEEE 25, it
FeftifT S T & 72CT*conventional MRITIZ, T3all T
EHIREILAR A9 1219000 PRl BT I3 8 AT A TR, BB
kg & 0 RIS SN B O T8 Tanimoto & D #His
PLF%E, dynamic MRIIZ £ % H%ﬂfa‘ﬁéﬁl’&] PRIERE B X UE PR
wREOHEIIBITIA2AHEIRLECHESIRTY
HU2I-DAHI - EBEIITI~B1% T L b EE L B L
IEv 29, dynamic MRID IEZSILHEFHEMIZ Idconven-
tional MRISPCT & A D\ & O, TIbFER Tl
RAHMOMRDH 22 & OFEHA SN, FEHIMNE ORI 2
JAEMNBIE', TUR-Btd % W3 ERREOBHEIL 7 L5
JGOEREDIEH, ThHOLBRFMOERE %22 L0
WELHDH1909 F L FEEILKIBICEE 2 R T A ZER
BEOMBEDZX LR, BEOBMRESPHERRZ Y, FHE
DY BRFHAEOER L %) ) B eEZ 605, ¥lFig.
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Table 3 Staging by TUUS and pathological staging

T1 zT2 Tx total
pT1 19 2 8 29
2pT2 1 17 3 21
total 20 19 11 50

Table 4 Diagnostic efficacy of TUUS, dynamic MR imaging
and T2-weighted MR imaging for superficial muscular invasion

TUUS dynamic MRl T2WI
sensitivity ~ 17/18(94.4%) 26/27(96.3%) 25/27(92.6%)
specificity ~ 19/21(90.5%)% 24/37 (84.9%) 28/37 (75.7%)
PPV 17/19(89.5%)" 26/39 (56.7%) 26/34(76.5%)
NPV 19/20(95.0%) 24/25(86.0%) 28/30(93.3%)
accuracy  36/39(92.3%) 50/64(78.1%) 53/64(82.8%)

Note: *Significantly (P<0.05) different from dynamic MR imaging
FPV: positive predictive value
NPV: negative predictive value

Table 5 Diagnostic efficacy of dynamic MR imaging and
T2-weighted MR imaging for deep muscular invasion

dynamic MRI T2WI
sensitivity 21/21(100%) 19/21(90.4%)
specificity 36/43(83.7%) 36/43 (83.7%)
PPV 21/28(75.0%) 19/26 (73.1%)
NPV 36/36 (100%) 36/38 (94.7%)
accuracy 57/64 (89.1%) 55/64 (85.9%)

Note: No significant difference was found between dynamic MR imaging
and T2-weighted MR imaging in the evaluation of deep muscular invasion.
PPV: positive predictive value

NPV: negative predictive value

Table 6 Diagnostic efficacy of dynamic MR imaging and
T2-weighted MR imaging for perivesicular invasion

dynamic MRI T2WI
sensitivity 17/17 (100%) 17/17 (100%)
specificity 46/47 (97.9%) 44/47 (93.6%)
PPV 17/18(94.4%) 17/20(85.0%)
NPV 46/46 (100%) 46/46 (100%)
accuracy €3/64 (98.4%) 61/64 (85.9%)

Note: No significant difference was found between dynamic MR imaging
and T2-weighted MR imaging for evaluating perivesicular invasion.
PPV: pesitive predictive value

NPV: negative predictive value

2L THEGIOD & 5 (ZHERFACHR DRERLRED T 2 0 5 iy

IS BEZEIGELR LB AT 1 ARIR, B
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G, BESMZIEICAT T A sensitivity 13 Z L 2196.3% (26/
27), 100%(21/21), 100% (17/17) L WFh b ERT, 24
WOPEEEZBWICB W TEHgES B EZZ 6N L
L 50 51 Dspecificity 1364.9% (24/37) &K<, pT1 %8
KaHili$ 2 AN > 72, T2 SFRSIC X 2pT1 DA
1324.3% T, dynamic MRIEZ DIFEWEAIZH 5 b DD R
Y EFETH -7 HEREB X ORI OT2 iR
%12 X Asensitivity[392.6% (25/27) 8 £ 1990.4% (19/21) &
dynamic MRIIZIE L TIRW[aicd b, & 7:pT2 LLETIE
T\ RS EE 2 BT L 2 72514 75% L dynamic MRI(85.2%)
I U TRWEINIC S 5 72, $TRbbEHEREOBRIC BV
TIET2 W12 & Y bdynamic MRIDZ ) BSFHTH L Z &
ERLTWA.

—77, TUUSIZFELEH (T1) OBWIHHT, EIEROIES
HII8% L L SN TR, SO T HpT1 DIEZH
1391.7% & dynamic MRI(64.9% ) 2t L TH R IZ# <
(p<0.05), T2 5% (75.7%) 12 L TEVMEIZ & - 72,
TUUS Tl Gl S 7z 2 1L, dynamic MRIRT2 5% ©
bBEKFHIEENTWB Z L6, TUUSIETI T2 Bl EED
KN BWTHEREI WL ZEZ SN, LA L, TUUSIC
RO IEZHDEAO HIKUIZ LT —F7 727 b
RN OO & O HE e A B A % 29 10.10.19)
i EOMBEEDD Y, bbb O T b 22 % CaEil i
THhotz. Db 6, TUUSIZTTI &3l S fiEfl Tk

fib 7 %4 501

MRIDEMDLERIZEE A LRI X572 dy-
namic MRIDHEATIZ & Y #@ARH 248 < febtk b H b, #
FORERLH HE TS MEI?H 5. —J, dynamic MRIIZ
35 D Wi T TR T Bz THREHE O EAL 2 IR IS b 53
BIF Mg ZE L THEONL I L, &b ICEEEOBRE
FEBWNA SIS Eh S, TUUSIC THIBREO
B B HEfl R Bl T & - 7B T S B DA
FlLwEkE LR,

O
1)dynamic MRI 3 X O°'MRI T2 (%%, 2460 (pT1) %
AR A I & o 7z,
2)TUUSIZ i EFE O A D)% (T1 £T2 LLEOHBID 124
HTH-7-.
3)T2 5% & dynamic MRIZ %4 % &, A4 (pT1) D
WREHIGIET2 G OE ) DLV EIICH A5, B
(pT2 L L) D EE R I O IE 53 I Xdynamic MRID X9 A%
EEC B o 7.
4)TUUSIZTTI & & N7ZER TIEMRID BN O 4554
T AELRWZ Loz,
5)dynarnic MRUETUUS TRl #ME 2 5 610 f5RE 1 E A3 %Eb
NBIEFENRETEONLEF LnEEL BN,
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