The Efficacy of Fat Suppressed and Gadolinium
Enhanced Dynamic MR Imaging in Pancreatic
Adenocarcinomas
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cholangiopancreatography, ERCP), ME&&EE A H b T &
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Abbreviations: CHESS, chemical shift selective;
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B ESR EERE O MRI OF LB & L CAEREHEE
Eifge£1+ 3y 2 MRIAWEBINTWS. EHHAGIESR &
RO RA Y = a —ER BB TDINCIEIEORE S & BRI
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CNR, contrast noise ratio; CT, X-ray computed

tomography ; ERCP, endoscopic retrograde cholangiopancreatography; FST1WI, fat suppressed T1-weighted
images ; GER, gradient echo; MPGR, multiplanar gradient recalled aquisition in the steady state ; MRI,
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Fig. 1. Signal noise ratio (SNR) of the normal pancreas.
TIWI, Tl-weighted images; FSTIWI, Fat suppressed
T1-weighted images; T2WI, T2-weighted images;
Gd-T1WI, Gadolinium enhanced Tl-weighted images; *
P<0.05 vs other pulse sequences.
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Fig. 2. Contrast noise ratio (CNR) between the normal
pancreas and muscle. Abbreviations of the pulse sequenc-
es, see the footnote of Fig.1. *P<0.05 vs other pulse
sequences.
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Fig.3. Contrast noise ratio (CNR) between the pancreatic
carcinoma and normal pancreas. Abbreviations of the
pulse sequences, see the footnote of Fig. 1. *P<0.05
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5, MRI OEBAEENA Tl BRGLLOPTEAF Iy 2
MRI OB BMEIZOWT, DAY V= a -l bR £ A+
392 CT LHBLERFLOTHRSETS.

MEEBSVHE
1. =2
AFIZIZ19874 4 A X b BEK 36 (magnetic resonance,
MR) #EBAEA X hictt, BH MR % (FRERR) 2EK
AV a—ERFRLCToTE, 19934 1 B X hERDS
BICne T, IEHEEIEGE T1 RG> W RERERE
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Fig.4. Contrast noise ratio (CNR) between the pancreatic
carcinoma and tumor associated chronic pancreatitis.
Abbreviations of the pulse sequences, see the footnote of
Fig. 1. *P<0.05 vs other pulse sequences.
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Fig.5. Time-intensity curve of normal pancreas, chronic
pancreatitis, and pancreatic carcinoma (tumor). O, normal
pancreas ; A, chronic pancreatitis; [], pancreatic carcino-
ma.

magnetic resonance imaging ; ROI, region of interest ; SNR, signal noise ratio; TE, echo time; TR, repetition
time ; TIWI, Tl-weighted image ; T2WI, T2-weighted image
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Milwaukee, USA) &\ 7.
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v vz a—ERT T2 MR, Tl BfGer s THRY L.
T2 B FAEG T » R LKR (repetition time, TR) %
2500msec & L, == —K;fH (echo time, TE) % 80msec & L
7z (SE 2500/80). Tl ## & <¢ix TR % 500msec, TE %
20msec & L7z (SE 500/20), \WFh i BEETHRB L. = b
Y 2 AVE 256> 192, InEEHIE 4 B (T1 HEREE) H 532
E (T2 %3RE), BEREIT T1 BAGI 45, T2 H@RER
WIS THS. PelbmslEstA T1 M#EB (fat suppressed
T1-weighted images, FST1 3#14) i TR % 500msec, TE %
15msec, 256X192 = bV v 7 A, INEEHK4ETHRE L. IE
BRI O FEIL 7 v 2 v — v g Vi (chemical shift
selective, CHESS) L. #4731 v 2 MRIWLZ' 754
x v b =2 —¥ (gradient echo, GER) TH B~V FF 5+ -7
S 2 (multiplanar gradient recalled acquisition in the steady
state, MPGR) #{#f L7z. TR % 100msec, TE % 13msec,
7 FHEOET, MEEKY L @& L. MRI AOEEHIT
BHHEHFFY 2w 2l Oo=s732 2 (HEY=2—Y v, K
B) % 0.lmmol/kg (10—15ml) 2##¥EL, £& 20ml ¥ RHEIT

BIMEIE LB, SEFAEALSRBECAF » v EFBL
o, —EI3ASAADTAFAF VT LEIMDDOAF + v
RRAM S RIC A - SEBGE L. To%, EFE T BRG
(SE500/20, pnEEH 2 H) 2 EFABEES — 6 PRICERE
Lz,

A5 A4 AEZ 8mm, RS54 AMOF v v 7L 2mm TH 5.
BB E (field of view, FOV) 12, BEDOHKIZ X b
30—40cm DORAEIR LIz, REIMIREL L, BEORSH %
M+ 5 B CRIAC R RENH (7 A= V)2 ELRE. B
BOEE YIS T S D hds b 20 S HFFH B A
to. BRI EAT~F7 2 7 VP RBRTHY T 02T ~TH
% . — 73 (respiratory ordered phase encoding, ROPE) % ff
HL. ¥HmEROMBICLE7 ~F7 72 b2 liflIT5E
B)CT L o L — v g ViE (spatial presaturation, SAT) 7c b
w7 mr—a vy~ g v (flow compensation, FC) %
HRL.

3. CT gk

CT D#HB 12 GE-CT9800 (GE Medical Systems) &/ L
fo. B#CT, 7—7ABBEHALIE 1392 CT ish

Fig.6. Images of a 72-year-old man with pancreatic head
adenocarcinoma (2.5 cm) (case 1). Precontrast T1-weight-
ed images (SE 500/20) (A) and fat supressed T1-weighted
images (SE 500/15) (B) clearly show hypointense tumor in
the pancreatic head of the pancreas (arrows, A and B)
T2-weighted images (SE 2500/80) (C) and postcontrast
T1-weighted images (SE 500/20) (D) cannot demonstrate
the tumor itself. In the early phase of dynamic MRI
(MPGR, 100/13/90°) (E), visualization of the tumor
improves due to diminished enhancement compared with
surrounding pancreatic parenchyma (arrow). In the late
phase, tumor shows gradual enhancement and so contrast
between tumor and pancreas decreased. Tl-weighted
images (A) and fat suppressed Tl-weighted images (B)
reveal slight encasement of SMV. Effacement of the
tumor to the peripancreatic fat was distinct on T1-weight-
ed images (A), but obscure on fat suppressed T1-weighted
images (B) because the contrast between tumor and
peripancreatic fat was diminished. Dynamic CT (F) also
clearly shows hypodense tumor (arrow). Macroscopic
specimen (G) shows the tumor (arrow head) in the
pancreatic head with SMV invasion (curved arrow) and
serosal invasion (double arrow). SMV, superior mesenteric
vein, CBD, common bile duct, GDA, gastroduodenal
artery, P, normal pancreas.
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o 7+ N/ 4 AH (signal noise ratio, SNR) # LI FORKX TR
DI,

SNR=ROI (&) —1024/ 1+ X DfZiEREE (SD)
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Fig.7. Images of a 61-year-old woman with pancreatic body
adenocarcinoma (4 cm) (case 2). Precontrast T1-weighted
images (SE 500/20) (A) shows hypointense tumor (arrow)
in the pancreatic body. Retention cyst (large arrow)
associated with the carcinoma is also seen. Note retrope-
ritoneal and celiac axis invasion by the tumor (curved
arrow). The tumor (arrow) and cyst (large arrow) of the
pancreatic body are clearly seen on fat suppressed
Tl-weighted images (SE 500/15) (B), but retroperitoneal
invasion is unclear due to signal loss of retroperitoneal fat.
T2-weighted images (SE 250/80) (C) and Postcontrast
Tl-weighted images (SE 500/20) (D) show retention cyst
clearly (large arrow) but cannot detect tumor itself.
Dynamic MRI using surface coil (MPGR, 100/13/90%) (E)
clearly shows hypointense pancreatic tumor (arrow) and
the cyst (large arrow). Dynamic CT (F) also shows
hypodense pancreatic tumor ({(arrow) accompanying the
cyst {large arrow). Retroperitoneal and celiac axis
extension are also clearly discernible (curved arrow).
Gross specimen (G) shows the tumor (T) involving the
splenic artery (SPA) and splenic vein (SPV), and the
retention cyst (arrowhead). Contrast between tumor and
pancreas is better on fat suppressed TI1-weighted images
(B) and dynamic MRI (E) than on other MR pulse
sequences and on dynamic CT. Peripancreatic extension
was better recognized on precontrast Tl-weighted images
(A) and on dynamic CT (F).
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#Z (X£SD) tE L. £ ARFIMD SNR ® CNR O
B MRIL & CT DEZEROHBRIRIEDHD T BEY
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CNR % FSTI BB AMUC HANTHB @S - 7o (T HrE<
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0.05). sBED T1 ®FAG & FST! MG L LET A &, FRE
DEEEHEIL FSTI MAGLEFBCE» -2 (T BE,
P<0.05).
1. BEEGTCORRBEBELOUVICHAEREEERLD
a2 3R M /4 X (CNR) (K3, K4)
B0 8 BT W R M BB 46 e P Ao 7 RS 1A T DRI & BN &
® CNR 2K 312R3<, #1453 v 7 MRI>FSTI s

F

>TI1 BRE>T2RFAG > EFHK Tl @REOETHD, B
MleEEEVED LR (T BE, P<0.05) (K6, 7). —HH
PRV R PE S EHI T FSTI BRB SV TEBBABOR
PEUBAROESHMET T2, BELABKLD2
FAMMETF L7z (K 8). M40 Tl %&##, FSTI1 &R
%, T2 Hig, B¥Kk T MRGOREF T CNR W 52
HEBERBRDLARM oI, —F, F17F7 127 MRI DR
WA TR PR e D EALIZBOR EL & B L CREARIFTH
DERLDaVISAMLPBETHo7 (MB). £1F73 92

MRI @ CNR {2l D2 v 2 R & ol L THBICE D » 7 (B
4, T #sE, P<0.05).

0. EHEE- BE BEEESETOS M+ 3 v JMRI

BT 2R - EBREME (5)

RS ICIEERE, BE, MEEMRER ORI —E SRR AR
F. EHBERA1 5 v 2 MRICRBIICR LEENEL D
BT B LS W EEMET T AEEN A b, B
TREMHETOEEO LRIZLEN I, B iesic
L WA BB LR L, BEI50ME 0 UHE TIER

H

Fig.8. Images of a 53-year old woman with pancreatic head adenocarcinoma (5 c¢cm) accompanied by chronic tumor associated
pancreatitis (case 3). Tl-weighted images (A) (B) and fat suppressed Tl-weighted images (C) (D) show diminished signal
intensity of pancreatic body and head due to chronic pancreatitis. Dilatation of common bile duct (CBD) and main pancreatic
duct (MPD) is clearly visible, but the tumor cannot be detected. Dynamic MRI of the pancreatic body (E) and head (F) show
moderate enhancement of the pancreatic body and diminished enhancement of the tumor of the pancreatic head (F, arrow).
Note encasement SMA and SMV by the tumor on dymanic MRI. Photomicrograph of the pancreatic head tumor (G) shows
moderately differentiated tubular adenocarcinoma (H.E. stain x250). Photomicrograph of the tumor associated chronic
pancreatitis of the pancreatic head (H) shows sever fibrosis of the pancreatic acinus.
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Tablel. Accuracy of the imaging diagnosis for the serosal invasion of pancreatic
carcinomas

Number of cases diagnosed
Method Diagnosis of by pathologic finding as

, . Accuracy (%)
serosal invasion

S (+) (14)° S(=)(8)

“TIWI S(+) 12 1 86 (19/22)"
S(—) 2
FSTIWI S(+) 8 3 59*(13/22)
S(-) 8 5
Dynamic S(+) 12 2 82 (18/22)
CT S(=) 2 6

T1WI, T]-weighted images; FSTIWI, fat suppressed Tl-weighted images: S (+), serosal
invasion is positive ; S (—), serosal invasion is negative.

Y Number of total cases. ” Number of cases diagnosed correctly/ number of total cases.
*P<0.05 vs TIWI and Dynamic CT.

Table 2. Accuracy of the imaging diagnosis for the retroperitoneal invasion of pancreatic
carcinomas

Number of cases diagnosed

Diagnosis of b thologic findi
Method RPginVi!:ion Y pathologic linding as Accuracy (%)

Rp (+)(17”  Rp(=)(5)

TIWI Rp (+) 14 1 82 (18/22)®
Rp(—) 3
FST1IWI Rp {+) 10 1 64*(14/22)
Rp{—) 7
Dynamic Rp(+) 15 2 82 (18/22)
CT Rp (-) 2 3

RP, retropentoneum RP (+), retroperitoneal invasion is positive; Rp(—), retroperitoneal
invasion is negative ; Other abbreviations are as in Table 1.

“Number of total cases. ® Number of cases diagnosed correctly/ number of total cases.
*P<0.05 vs TIWI and Dynamic CT.

Table3. Accuracy of the imaging diagnosis for the portal vein invasion of pancreatic

carcinomas
Number of cases diagnosed
Diagnosis of by pathologic finding as
Method PV invasion Accuracy (%)
PV (+) (13 PV (—)(8)
TIWI PV (+) 11 1 86 (19/22)%
PV (-) 2
FST1WI PV (+) 10 2 77 (17/22)
PV (-) 3 7
Dynamic PV (+) 10 1 82 (18/22)
CT PV (—) 3

PV, portal vein; PV (+), portal vein invasion is posmve PV (—), portal vein invasion is
negative ; Other abbreviations are as in Table 1.
? Number of total cases. ¥ Number of cases diagnosed correctly/number of total cases.
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V. MRI &4 F 3299 CT OEE

TIBRBERE 22N OV TESE O R BB R E MR L. B
BRI MR R b 146t 7 41Tt FST1 HaG
LEA45 3927 MRLIZEDWERAF 302 CT 1hBRTS
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wE L, BN RS0 LT 8 BT, FST1 B3
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TEh, BYDOAFRAEOEERHEEIGERSETH .

V. BEOEBEZHICEITS MRI &EX44F 399 CTD

=4 4

BEROEREDZN, FICHBEE (S), B#EERE Rp), M
R (PV) 1B LCid MRI © T1 3384, FSTI Mg L &
13397 CT B Ui, SEEEBE, %EEEHE, MR
BEOEZELEM L (FL1, 2, 3). #EREOS) 0F2
iz T1 MFAE286%, FSTI MG 159%, £4F3 v 7
CT 82%TH -7z, BRIFEERE Rp) DEZEKD Tl #FAGES
82%, FST1 #E»64%, ¥4+ 3 v 7 CT M82%TH -

To. SEERE, SHEEBMOERZRITE LB MEEtR
T1 s5RGN Tl B A1 F ¢ v 7 CT KHRTHERIE
WRERTH-7 (F1, 2 T #E, P<0.05). MREMEOER
iz T1 MG 286%, FSTI MBELTTY%, £4 53 v 7
CT M82%TH 1, FIRBHOESRIITAEELTDh -
7o,

Tl BRAG CREFRESEABOEBBCO S EFE
DRRBEL LTHBShZ (M6, 7). FSTI MG TIIK
BB DESIMET T 5 b IEHF N~ O B A RBERLT
LENS ot FA4F 2 MRICELTIITFZROEH
EfTbled o fed’, BxDFETIIEEEIER OESMET T
Hlewiz, HRE, HEREEIRERIEGNS» 5.

% =

BEROREBEIEMLT V5. BRCKNTIEGZHOE
B bbb, EERIIZEALHELTORVORNER
TH5. BEHIFEZCHEERTH D, 2cm LUTONEET
BHoThhitb LdRAKEELIZME 5. Tsuchiya
5P D 2em LAT ©/NBEE106HI DS T, 44% 2 B (e
B, #HEEHE, RERE, v v IEBS I OERERS
Betk) THotehd, 5% TTICY v AER LM%
BESED 2 3 mERIERED bh, AfPHcETET
ol BELTWVA.

CT%kﬂ%T\/ﬂCT@%ﬁmﬁﬁ&&Ukﬁﬁﬁéﬁ
KERATHY. LrLiasisb, BRCERR LEOHT2EY

TRl X 5T NEE OB AL CT OLBEDRRDDIC,
BETELVHELE .

MRI OBRESBEZCT ¥ EE-Twd EVvbhATnA, L
NLIRNFTD0.3BT7AF—bUOK0.6TAT ~DEBEY
Wiz MRI O#& Tk, BEEOZE <k CT % LE BT
BEIATWEWT, TARRREHCBEEOETH O DD
T—FT7 7 VRIWEBVETTHILE, fROAY V=
I-ETHRESBECBRALN DD EEL BR B, Vallet
BH¥1x MRI & < T1 MRG0 BER (R BERCER L
TN EIRER) RO UCKERE~OBREORKIC BTz CT
FERlSTWBERELTWA. L L bEADL.557 2
7 —0 MR BRIz, Tl MG B0 A%F X
DEROBERIIBEVS, £4F+ 3527 CT LEXTERTY
B EVCHHIBRI I 5T,

B L RO A ¥ v = a — ke BET AN HEE
DE 5 2 BIRATET 2 BIRBE AV 2 2 BETHHETH
5. BoAMMER LIS MG CHESS 35 Ch 5. Z0FEH
AT LUTOM S, KOF v+ vORIRBEKE
B0 e b vOREEEROEICIL 35ppm OEENTEDH
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BRrs Tl BRGOBSEY S I 2 E, 8F (saturation) R
BB BRI T = b v h bIHES AT\ b EIED 5
RENCHEI I K cBERNE SN S, BIUAOKD T a F vin
LIZRERD Tl MRG L RAKEOREENELRS.

IEHBHHEfBOAY v —IIRRICL 57 —F7 7 2
PRy IHINANYT T —F 7 5 27 + {chemical shift
artifact) 2B L, HHEHEBROEERED L1 F v 7L vy
LEEI DY, FESCHEBRBEOEROFET T BAGT
ERLBRESERL, ThAXBEEOMREERC L - Tk
BIT—A T —FT7 7y VCLAEGED ) A XOFER L /e
5. ERBEHOEEIMIOBRDOEFCETHE HLERE
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Abstract

To determine the efficacy of fat suppressed T1-weighted and dynamic gadolinium enhanced MR imaging (dynamic
MRI) in the diagnosis of pancreatic adenocarcinoma, twenty-two patients with histologically proven pancreatic
adenocarcinomas were evaluated with dynamic CT and 5 MR sequences including fat suppressed T1-weighted images and
dynamic multiplanar GRASS (gradient-recoiled acquisition in the steady state) [MPGR] images (dynamic MR images).
Thirty normal volunteers patients without pancreatic disease were also evaluated with MR imaging. In the 30 normal
volunteers, a normal pancreas showed a markedly higher signal intensity on fat suppressed T1-weighted images than on
conventional T1-weighted images. The signal noise ratio (SNR) of the normal pancreas and the contrast noise ratio (CNR)
between the normal pancreas and muscle were significantly higher on fat suppressed T1-weighted images than on other MR
pulse sequences (T1-weighted images, T2-weighted images, and postcontrast T1-weighted images) (P<0.05). In 14 patients
with pancreatic carcinoma without tumor associated chronic pancreatitis, CNR between pancreatic carcinoma and normal
pancreas showed significant differences (P<0.05) as follow: Dynamic MR images (30 seconds postcontrast MPGR images)
> fat suppressed T1-weighted images > T1-weighted images > T2-weighted images > S minutes postcontrast T1-weighted
images. In 8 patients with pancreatic carcinoma accompanying tumor associated chronic pancreatitis around the tumors, the
tumors were obscured on fat suppressed T1-weighted images because the non-tumor inflammatory portion also showed a
low signal intensity similar to that of the carcinomas. CNR between pancreatic tumors and tumor associated chronic
pancreatitis was not significantly different among T1-weighted images, fat suppressed T1-weighted images, T2-weighted
images, and postcontrast T1-weighted images. However, the early phase of dynamic MR images (30 seconds MPGR
images) could clearly identify the tumors. CNR between the tumors and tumor associated pancreatitis was significantly
higher on dynamic MR images than on other pulse sequences (P<0.05). The time intensity curve of dynamic MRI showed
that both pancreatic carcinoma and chronic pancreatitis revealed a diminished percentage of contrast enhancement compared
with the normal surrounding pancreatic tissue. However, the enhancement of the inflammatory portion of the pancreas was
more prominent than that of the carcinoma in the early phase of dynamic MR images. In the late phase of dynamic MR
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images, the degree of contrast enhancement was similar among normal pancreas, chronic pancreatitis, and pancreatic
carcinoma. Peripancreatic tumor extension is better recognized on T1-weighted images and dynamic CT than fat suppressed
images. In conclusion, fat suppressed T1-weighted images and dynamic MR images were useful in detecting pancreatic
carcinomas. T1-weighted images and dynamic CT were necessary for evaluating tumor extension.



