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Evaluation of Pancreatic Cancer Extent using
Balanced Turbo Field Echo (bTFE)

Seiko Kuroki, Katsuhiro Nasu, Yoshifumi Kuroki,
Koji Murakami, Takayuki Hayashi,
Ryuzo Sekiguchi, and Shigeru Nawano

Purpose: Recent advances in MR system technology have
allowed for the development of new imaging techniques. Bal-
anced turbo field echo (bTFE)is one such example. The pur-
pose of this study was to evaluate the usefulness of bTFE
for evaluating pancreatic cancer extent.

Materials and Methods: 45 patients with pathologically proven
pancreatic cancer were examined with bTFE. The images
obtained were evaluated by the consensus of two radiolo-
gists, from the following viewpoints: tumor detection and
vascular invasion, e.g., celiac axis (CA); superior mesenteric
artery (SMA); portal vein (PV); and splenic artery (SA). The
results of vascular evaluation were compared with those of
dynamic CT.

Results: All tumors were demonstrated on bTFE images, how-
ever, tumors in the pancreatic head were less clear than those
in the pancreatic body. Vascular evaluation on bTFE images
was in good agreement with that on dynamic CT scan.
Conclusion: bTFE is a useful method for evaluating pancreatic
cancer extent. Because image quality does not show overt
changes in this sequence as time passes, unlike so-called dy-
namic study, not only are divided scans or respiration-trig-
gered scans available, but repeated scans and multi-direc-
tional image acquisition can be performed as well.
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AT AR A3 A BE 12 72 - 72balanced turbo field echoid:
(LUF, bTFE) 3554 % steady state in free precession |2 C ]
B2 UL T Heradient echol: DY — 7 Y ATH BV T D
V= v ADFBIERERE T LD b EVSNRATR SN
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WEEo e, YN ay MEENKTHTH LI &
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20014F 6 F1 72 520024E10 H F T4 ke T 2 AR LA O/
fETCTE L UMRIZ T, WBAEAD B LB REEAR
TRIPLR AR ASER S W 7-455ER (812761, 218
B, 42~825%, WHE62, Stage II~IVb) & L7,

2. WRSEH

MRID i 2% 1L Philips 1 #Gyroscan Intera, 1.5TT
Synergy body coil ZF] ] L7z, bTFED {441, TR/
TE = 3.8/1.9ms, Flip angle = 80, Hgih#fifilik & L Tspec-
tral presaturation with inversion recovery (EUF, SPIR) % fif
H, k-space orderingldcentric view order & L7z, €O
ZFIEFOV = 25~30cm, matrix size (frequency/phase) =
256 x 256, slice thickness/gap = Smm/ — Imm, 16~20
slice, Number of excitation = 2, scan timeldsensitivity
encoding (BLF, SENSE) #ffH 34 2 £ 12X D (reduction
factor 1 — 1.3)25~26sec& L, BHEDEILDOFEHIIEL
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Table 1 Criteria for tumor detection

good: Tumor clearly contrasts with and is well demarcated from the surrounding pancreatic tissues.

fair: Although the tumor can be detected as a structure that is different from surrounding pancreatic tissue, its demarcation is indistinct.

poor: Tumor shows little contrast with the pancreatic tissue that surrounds it.

Table 2 Criteria for vascular invasion

by tumor or vascular stenosis are confirmed.

and disruption caused by tumor are confirmed.

A: Visualized as a lesion without vascular invasion: Blood vessels and tumor can be discerned from clear normal tissues.

B: Visualized as a lesion with invasion: The entire circumference of vessels is invaded by turnor and the complete absence
of mediation of normal tissues is confirmed. Alternatively, findings that indicate invasion of the sub-entire circumference of vessels

C: Absence of visualization or invasion: Although vessels are not visualized, their clear separation from tumor is confirmed.
D: Absence of visualization and presence of invasion: Vassels are not visualized and findings that indicate vascular occlusion

E: Absence of visualization and unknown causality: Vessels are not clearly identifiable and causal relationship with tumor is unknown.

Table 3 Detectability of the pancreatic cancer on bTFE

head body-tail

(20/45) (25/45)
good (31/45) 9/20 22/25
fair (11/45) 9/20 2/25
poor (3/45) 2/20 1/25

THEHRR % LR EIIR S 217 o 72, BTGB & U5
KW D 2 HE g L7z, 2Bl L TiddERmiz
HRE CBFERG 1T o 7.

CTOli k231X H Z #1 84 Aquilion, multi 4DAS%EfEH L
7z, #f% 4 3width of X-detector = 2mm, helical pitch =
3.0, table speed == 6mm/rotation, I rotation = (0.5sec¢, scan
time = 17sec, reconstruction pitch =5mm, contrast material:
120ml (300mgl/ml), IV bolus injection, delay time: 40 sec-
onds& L7z, 7% BHEIIHMEDA T, MPREIEIZIER L
TV,

3. 1&FNRHE
1) BEE DFFAE BT

bTFEDMmi{% |, HEH; & BEFHEERT L oBoa >y P A T
DA & B R OWE & % 3lZgood, fair, poor® 3 FEAHIZS>
JH(Table 1) L, 2 ADOBHHBEDOEHED S ZHE L.
2) I 351 D S

I FE] L I A~ DR B V2 2\ TR A B & L 72 I A5 13 g e
IR (LT, cA), LRGSR (LT, SMA), BREIIR (L.
T, SA)BLUMIR(LLT, PV) & L7z, IEEOMERED
HIEFEHEIZAD HED 5 T2 434 (Table 2) L7z,

dynamic CTIZ 5T % IMERE Ol % £ 12 L7260
bTFEIZ BT 2 3F A —E L T A I Eh % F N ENDmeE
IZBWT 2 ZOBSHEHEDEHD S 2 fE L.

FHE164E 1 A 25 H

Table 4 Evaluation of vascular invasion
by the rate of matching between
bTFE and CT

rate of matiching

PV 41/45(91.1%)
CA 44/45(97.8%)
SMA 45/45(100%)
SA 38/45 (84.4%)

Table 5 Presence of vascular invasion
according to the rate of match-
ing between bTFE and CT

rate of matching
PV 43/45(95.6%)
CA 44/45(97.8%)
SMA 45/45(100%)
SA 43/45(95.6%)
w R

IS DFEAERZ T (Table 3)

gL T o -2 BITOTFEIC X 2RI T -
72, EDNERIZgood 3141, fair 1161, poor3 fflTa -7z,
HRERE T X256 th 2261 Tgood D FFAM A3H & M7z DITH
L. SEEMETIZ2060% 9 A% air, 2 BlA%poor TH V), JEHH
R ORI AMRESTHE 26 L ORE T A da1hsa 6 sz,
1) M4 548  §Fiffi (Table 4, 5)

bTFE & dynamic CTIZ 3} 5 455l (A~E) D —E
# (Table 4) z M FIMFTT 5 &, CAIZ97.8%, SMAIZ
100% & BW—FETH o7, —F, KWMEFIZbhhbb
FTPVIZ91.1% & R EN—HETH o /.
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FICIMER B OFE > b S TIREOFERIT T TR
S O—HFE (A +CB L UB+DIC & A 1K) #5125 &
(Table 5), CAIX97.8%, SMAIX100%, PVI195.6% 3K
L, Bo—EEFELNL.

E B

FEBI(1) (Fig. 1)

615%, Bk, PEEERHE. LTEEGEHRINE I3 I (R
DIEFHMR L B L THREREF I s h, EEosif
B ICHERR T 5. BEROFAEZIT Idgood, M REF
fliid 3 ~_TCTE —FH L7

fEHI(2) (Fig. 2)

555, B, WESEERRE. Dynamic CT CIXIBEEEDIES; 1
BB I ST B (A). bTFEREIT(E TSRS & F5 P E
FREOHMDIY I A METZLVAN(B), RIS CI3HE
THER DI & () ik L CRRMTE, WREOFED
Wridfair & ¥ L7z (C). % 7-bTFEERMTE Tl EE AR
A% XA L) ICHMIGERLTWS L AT
. SMAIZMEE & odided 2 SR IC £ - TERMEICHY
FRENTWS, G ECAL OMIZIIENHENETZ S
(D). MEEFEMmEd<TCcTE —3 L7,

z =

B OBHEZ I BV TR ICER S Z Lid, 6
—IHEBDHFEEEHLZBIETHY, ROTHENED
REDZO RN ERBEOAELHET LI LAHET
A, FERIZMAE LS L dynamic CTAY LAY sl & L
TRREDOZMREL EZ SN TEW, EEOCTOHE F
LW 12 & ) (helical CT, &%t Tldmultislice CT), Ifil
EHiRedm E L, MmEREEORMRO AL ST D
FERPLIR, MEEHIZIRA S BRI 2 E 0
iRV ET20O0FRI12% ) BBk % Sl s h
TWwahS ., —J, BEFEOMRIGZHNIZE L Tt s Ospin
echoE TR & IEEMEO I S A MZ L, $7-
IR RS DWERNZ L A7 —F 7 7 7 MO Ei{E%LH
HY, TOFFMIILTLOEL adoiz. L LIESE, &
BRI & 2 BIEOM(E, dynamic study , JEIPHIED
BFA 7% &2 X Y MRIDERIRIA FEL R s, £ < 0
BAR ENTV B9 (2 JEE ORI EEIC D\ T O
R 727 LB~ ORE O 12 2\ TIZMRID
ARPEIHE SN2 OTIE AR L, FERAICIZICTICH LT
HoTWhEWIHIREFEHEER V. L L4ED
NbNOH 725 OSPIR-centric-bTFEIZ BWTIE, #f
L L7zl z @i Td b, HEBOMmAS O
BEHBCTLIZIZFELZEZ BN,

Y, TOY—r  AOWE DR L FIEEER I oW T
#i~%. bTFEldk-space ordering®3#\ 2 & 0 W 12K & 7
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Fig. 1 A 61-year-old male with cancer of the head of the pan-
creas.

A: Coronal -bTFE image identified the tumor as a slightly higher
intensity area compared with the normal pancreatic tissue; the
tumor was clearly demarcated.

HEWAHE A2 sequential view order® 4y, MR IXEE
i, BIEES, EHC AR SRES IR sh
%. —Jicentric view order® ¥y, NEHE<° 928 ige 14 i
HEETICHE SN, BIROESIXETTS. LaLbh
bhd7 7 b NEBROIERDG, ZOBRMEFETIE
GA-DTPADIEEIZ L Vi) S EDTRETH Y, LrdbIo
W RN FNIGA-DTPA DI EE |\ KT BE DA T 2 L A8
Do TnAEY, FhbbiEtcentric-bTFEILIME R HZ
W L7zifgiE:Td Y, Labdynamic study 247 9 S BEAT:
<, BV ELIENFTELEVWIRELFEEZH->TW
5.

PRI AR I OMREZINC BT, WD » b
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M HH T & % Parallel imaging technique #FFl4 5% = 212 &
DRG] O BRI RIS R o722 b DY —F VA%
MR O B RO A 52 L e 5 729 10, 2 BUR
HY 121 Sensitivity encoding {338 A AT I Hef S 1232702 L
TW /A%, SENSEEIZ & )25 ~26FD Bk THRIZTTHEIS
=Y, —EONRAE LT THR(ZATTEEIC 2 o 72, SENSE#
DFFMIZOWTIZEIET 5H%, §58 L L THEEAIZSNRIE
KTFTHIENMOLNT NS, LD LbTFEIZGERD ¥ — 4
Y ALY HSNRAE VI, ZOSNROIK T IZRHIEIZE S
3, ®VSNR & FEREEHE QML AT RETH %,

FIZEBOBEEHIZOWT, FPEEOMEIZOWT
Kt 5. fEROBMETIZIERED 5\ i3 RSO &
RN L AW P TR ML o THESH IR L T
720 2 WTREIZ B A NEH & BT~ + 5

HARERSEE Fe4%k 15
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Fig. 2 A 55-year-old male with cancer of the head of the pancreas.

A: Dynamic CT clearly visualized the tumor.
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B: Axial-bTFE image showed unclear contrast between the tumor and the surrounding pancre-

atic parenchyma.

C: Coronal-bTFE image revealed progressive invasion of the circumference by the tumor, lead-

ing to involvement of the mesentery.

D: PV was disrupted at the site of the tumor, while SMA was entirely surrounded by soft tissue
in contact with the tumor. Fatty tissues were observed in the space between the tumor and CA.

A MEIhEiZRL 5, bTEETH SN A WIEIZ T2 238
THMETH L. ERRICHRSET 5 &P IEF R L b
BLTRPEES I INE 2 L% KBS ORERT
NEgS 1T A 2 LA RETH - 2. Lo b a5
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7 A MI LWL SEEAEA SN, 7272 LIESEERE
TIEIPEA AR A R & O > b5 A M
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PEEE D>y F T A MNTIT) 2 &2k 505, RANESEE
W RMSRE R WfE L7230E, BAEEEOET P LEATS
POEREEDOT Y FTAMNTZLL BB EEZLNL,
PHCTTEDLN TV AR OEELEZ LNL N
SPIR-centric-bTFE T Z OREEAM R S iz bIT Tld e <,

LB DY = AR FEROFRZHIAETH LT GED
RELELAS. HORERAL LT, BEORELIZEFRERW

ERE164E 1 A 25 H

5, NEEEFEEE L MREOEETHHIHI T A

FAEZ Lol b #EZONL, BEIZE - T, ik
LORWEG TIIEFPRT T 5720 LS N5,

RN ML E A O FFHE I DV TRRET S 5. L8 B R
(A~E) D—F#IISMATIZ100%, CATII97.8% L& <,
PVTI391.1% THh -7, PVIETKVILEFIZS bbb bl
M L g L iR EEE Mo —8E Mo /2. F0E
{ & LT, SPIR-centric-bTFECIXIESIZ X 2 MM - &
#A W L &SRR L7

T/, AROMEIEFIC BV TCT TIRIERREEIZ L 2
SA@encasement ¥ i 7212 % 2074 5§ SPIR-centric-bTFE
“G-SAyﬁfff1§%£-’Gai‘*~ , HBp & LRI S RER] & AR
L7z 0 ﬁﬁ%ﬁ@mhﬁiﬁk AoV AL, B2
ﬁ%h&ﬂﬁlt_hmﬁﬁwﬁ@tbf,ﬁmﬁﬁu;

I D 72 ML A5i% < 7 1) SPIR-centric-bTFE T
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24 L TIZSPIR-centric-bTFE Tl K EFG OE[ ] A5 4 &
nizhs, BEOFEOFTHIIZIIHREDS 2w EZNRE L
ZMEIZBWT, MEHEDOFEIZ» DD S TREOE
T THRI—FRIZOWTIRG L TH:. FO#HEESMAT
12100%, CATi397.8%, PVB L USATIZ95.6% & &y i—
HEIE SN, dynamic CTOBIRA & (FIZFFRE 122
e T o7z, £7:bTFE%R 2 HikiE L7722 12 X Y iEss
& INE & OFH FRIAERIGR D B LT ol Mz
T, BEHEDOHEAITRTHLHETH, HIOERIFZICE
WG DSIG IR 7 & XA e X 5 (B PR~ L Tw
%Ik AT A7 (Fig. 2).

DLEomat & b, &% OSPIR-centric-bTFE (3 JEH; D FF
TEBWI D A7 b THIEOILA Y ZMICERLTE Y, ko
dynamic MRIIZINE N A OHEEREIZ R B THA D LT
SNB. 4%, WEETIZ U oMo EMIEEDRPZIC

IEKIBH S5 Z EpHifFE NS,

B

1) BRG] % DF I L 728 527 O SPIR -centric-bTFE I3 dy-
namic CTDEYIRA & (T 1F[FEIFLEE |2 g o LS5 O Sl A%
HETH -7z,
2)SPIR-centric-bTFEZ 3817 A Wi 1 X Ay 12 BT ©
Ho7zh, BEFRIMIE I EEEBETIE o P A AT
ZLWIHMA A b7z,
3)SPIR-centric-bTFElXdynamic study ® X 9 7 B ElE8 12 £
O EREDELD DRIz, S, WRERR,
Wiz, LHERG 2 EVEHTHE.

Ll kX D SPIR-centric-bTFE VX WERS DRI I 1= %0 20 4%
BELYVEBEY - P ATHHEEZLNS.

X o
1) Haacke EM, Wielopolski PA, Tkach JA, et al.: Steady-state
free precession imaging in the presence of motion: applica-
tion for improved visualization of the cerebrospinal fluid.
Radiology 175: 545-552, 1990
2) Haacke EM, Brown RW, Thompson MR, et al.: Magnetic Reso-
nance Imaging—Fhysical Principles and Sequence Design. 795—
799, A JOHN WILEY & OINS, INC., New York, USA, 1999
3) Bruder H, Fischer H, Graumann R, et al.: A new steady-state
imaging sequence for simultaneous acquisition of two Mrimages
with clearly different contrasts. Magn Reson Med 7: 35, 1988
4) Oppelt A, Graumann R, Barfuss H, et al.; FISP—a new fast
MRI sequence. Electromedica 54: 15-18, 1986
5) Haacke EM, Brown RW, Thompson MR, et al.: Magnetic Reso-
nance Imaging—Physical Principles and Sequence Design. 451
512, A JOHN WILEY & QINS,INC., New York, USA, 1999
6) Marc Van Cauteren, Ph. D.: bFFE & bTFE—#@#5#) 7 L % A
Ll & RSN WAL & ¥ 7-4ikf$ > — 4 A, INNERVISION
16 . 44-48, 2001
7) HR B, BT, JEHIEH, i balanced sequence D[
PRIGH. BYZiEE 34 : 772-779, 2002
8) LB © True FISPO BgHRIG FI— LB SEISMRI~ DT F—.
H A S S RS 2ERE 22  151-155, 2002
9) Deshpande VS, Shea SM, Laub G, et al.: 3D magnetization-
prepared true-FISP: a new technique for imaging coronary
arteries. Magn Reson Med 46: 494-502, 2001
10) AY B  True FISPOMEBEISADIGH. HAR I E
FRMERE 22 1 1-9, 2002
1) M HE— : True FISPOERIRIEA—EHAIMRINOIEH—.
H AR e R SRS 22 © 157-165, 2002
12) Jullisets, AFEBie, KAER, il : True FISPO %, H
AR IR SHMERE 20 (Suppl) & 199, 2000
13) ARACHER, =FHEA, MEHE | B ITH T Dynamic MR
imaging 3 & UIEHEHIH] O & HE O E. NIPPON ACTA
RADIOLOGICA 56 : 550-554, 1996
14) REHE, mELH, ZTHFBE, fb: Helical CTH X U'FH#
MR 5 A HAREREEDUT. 1B L ME21(6) : 461-466,

50

2000

15) 4K i 0 bR AEERBICT. ERPREIE 14 | 661-669, 1998

16) Petsch R, Helmberger T, Scheidler J, et al.: New techniques
and pulse sequence in MRI of the liver. Radiology 39: 662—
670, 1999

17) Kim AY, Han JK, Seong CK., et al.: MRI in staging advanced
gastric cancer: it is usetul compared with spiral CT? J Comput
Assist Tomogr 24: 389-394, 2000

18) Chung YC, Merkle EM, Lewin IS, et al.: Fast T2-weighted
imaging by PSIF at 0.2T for interventional MRI. Magn Reson
Med 42: 335-344, 1999

19) Duerk JL, Lewin JS, Wendt M, et al.: Remember true FISP?
A high SNR, near 1-second imaging method for T2-like con-
trast in interventional MRI at 27T. J Magn Reson Imaging 8:
203--208, 1998

20) BRZHEIEL, BARHML, BREET, fb: bTFEIC & % BURETA—
G RIE L HE, GAd-DTPA REEDBRIZDOWT—, HARE
S IR MRS A6 218 1 262, 2001

21) Pruessmann KP, Weiger M, Scheidegger MB, et al.: SENSE:
sensitivity encording for fast MRI. Magn Reson Med 42: 952
962, 1999

22) WEHFEz, BREET, #+ 5, i Parallel MR imaging—
SEm—. HER 47 1 12-18, 2002

23) FRACHIER, WEFELEE, BRI, o BERE 1S9 A dynamic
MRI. HARSIEEERERMRE 14(7) 1 350-357, 1994

24) WREWIE, BOHEZ, BAGIES | HILaRaUs (). BmEE
39(2) 1 199-206, 1994

25) Semelka RC, Kroeker MA, Shoenut JP, et al.: Pancreatic disease:
Prospective comparison of CT, ERCP, and 1.5-T MR imaging
with dynamic gadolinium enhancement and fat suppression.
Radiology 181: 785--791, 1991

26) Semelka RC, Ascher SM: MR imaging of the pancreas. Radi-
ology 188: 593-602, 1993

27) Gabata T, Matsui O, Kadoya M, et al.: Small pancreatic
adenocarcinomas: efficacy of MR imaging with fat suppression
and gadoliniurm enhancement. Radiology 193: 683-688, 1994

HAERSEE Hed s 1%



