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Infusion MR Arteriography during Hepatic
Arterial Infusion Chemotherapy:
Evaluation of clinical usefulness

Minako Uchino and Kenji Takizawa

Purpose: We developed a new method of infusion MR ar-
teriography (IMRA ) via an implantable port system using an
infusion pump for the evaluation of drug distribution dur-
ing hepatic arterial infusion chemotherapy. The purposes of
this study were to optimize the method and evaluate its clinical
usefulness.

Materials and Methods: We used 3D-T1 TFE as the most
suitable sequence for IMRA according to the results of a
phantom model experiment. We examined 33 cases of liver
cancer that had been treated by arterial infusion chemotherapy
via the port system. The following investigations were
performed: degree of tumor enhancement, intra- and extra-
hepatic perfusion abnormality, and related toxicity. The
evaluation of images was performed separately by two ra-
diologists.

Results: IMRA provided good images of contrast enhance-
ment, to reveal the perfusion patterns. The treatment response

rate in the tumor group with well enhancement was higher |

than that of the group with poor enhancement (p<0.0001).
Extrahepatic perfusion was well visualized and was corre-
lated with toxicity (p<0.0001).

Conclusion: IMRA is a useful method to evaluate drug per-
fusion for the optimization of arterial infusion chemotherapy.

Research Code No.: 514.9
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Table 1 Pulse Sequence Parameters for Phantom Study
Scan Time(s) TR(ms) TE(ms) ST TF FA(deg) order Shot  Scan Mode
TSE 20 480 4.6 8 5 90 low-high s MS
3DT1-TFE 6.2 3.5 1.1 10 45 20 low-high m 3D
3DT1-FFE 36.7 32 1.13 10 (=) 20 (=) s 3D
2DT1-TFE 1.1 3.4 1.06 10 45 20 low-high m 2D
2DT1-FFE 6.2 32 1.08 10 (=) 20 (—) s 2D
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FOV=350 mm, RFOV=100%, Matrix=192x256, NSA=1, TR: Repitation time, TE: Echo time, FA: Flip angle, TF: Turbo-Factor,

Shot s=single shot, m=multi shot, Scan mode MS: Multi slice
TFE: Turbo Field Echo, FFE: Fast Field Echo
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BER B TTRE T & o o2 AR BUE, FRBIATT R 2 W21
1B &8z 7. FORE, e %o -iEEII2796H TH
o7z, KGR 28)iFE L 2 A ~ 1 5-FU1000mg/
body/5 hrs/week T - 7=.

Pif%1Z1EGyroscan ACS-NT(1.5T, Philipstt#) 5 L O
Synergy body coil @ Fiv 7z, (% — o v AL, BELLAT
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FEDFEEIIIZHLWTHEL AT A L9, 0.4mmol/liZ4:
PRAIEACT A L 72Gadopentetate dimeglumine (¥ 77 4+ ¥ A

b, BERI>TZ—) 7, LIFGd-DTPA)KEH, BLV
FDEDWREEHEE L/2Gd-DTPAKIFHD 7 7~ M &%
e L7z, &HEH(% > — 4 > A(Table 1) 2B VT,
0.4mmol/IGd-DTPA KGR 4 A 15 550 EE - #at L 72
(Fig. 1). BERAIICHTTHETSH D, 1S5MEEATREE 2 ILH
L, »»2b oL bORARAIETSH - 7> 3DT1-Turbo Field
Echo (LLT 3DTI-TFE) ##jkf{& > — 7 » A& L TGEIRL /-
PR OEBIILIATHTE L2 FEYICHE- 72, 20004E 4 A
520024 4 H F TIIHEFAKT 2 EH L 72Gd-DTPA (9
0.25mol/1) & Fvy, FEABREH,S1.5, 3.0, 5.0, 7.0, 105
BT A5 70 Fa—)v 1 FEE W2 20024 5 A LLE
(&, MAEOKMEEMHEE HELELZRY, GId-DTPAKRK
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kzarybZ A EL, StatView for Windows version 4.5
(Abacus Inc. USA) # W T B O BOE TR THeat
L7-(Fig. 3A, B)., 70 ha—)b 2 Tldf s 5L 7o
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Fig. 1 Signal intensity ratio to 0.4 mmol/l of Gadopentetate

dimeglumine (Gd-DTPA)solution as a function of Gd-DTPA con-
centration shown for various pulse sequences.

Contrast is shown by 3DT1-Fast Field Echo (3D-FFE), 3DT1-Turbo
Field Echo(3DT1-TFE), 2DT1-FFE, 2DT1-TFE increases with Gd-
DTPA concentration from 0.1mmol/l to Smmol/l.
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Fig. 2 Contrast media and Scanning protocols.
Serial images on protocol 1 (upper)/ 2 (lower).
Protocol 1: (from April 2000 to April 2002)
- Two times dilution Gd-DTPA by distilled water (total 30cc)

* The scan timing for 3D T1-TFE imaging of the protocol was 1.5, 3.0, 5.0, 7.0, 10min during contrast infusion.
- Super delayed Image (wash out phase)was also obtained 5 min after cease of contrast infusion.

Protocol 2: (since May 2002)

+ The protocol was alternated in order to elevate the image contrast and to shorten the scan timing.

+ Gd-DTPA without dilution (total 20cc)

+ The scan timing for 3D T1-TFE imaging of the protocol was 1.5, 3.0, 4.0, 5.0min during contrast infusion.
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Fig. 3 The contrast —ratio of tumor to liver on Protocol 1 and 2.
A: Contrast-ratio to the intensity of liver parenchyma on Protocol 1. A B

¥=0.038+0.001 * X+2.597*10-7* X2

B: Contrast —ratio to the intensity of liver parenchyma on Protocol 2.

Y=—0.879+0.008 * X+4.709"10-6 * X2
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WA T o7z, 384 LA EFHLIINTC-CTC version 2.0 A
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1. BEEOEHEIE MR (Table 2)
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AT 5 Nz DIX19645E1 (ZBTIERI0%), PDE Lo 7=
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Table 2 Tumor enhancement on IMRA and Tumor response
No. of Tumor  CR+PR NC PD RR

Positive group 216 196 11 9 90%
Negative group 63 17 14 32 26%
Total 279 213 25 41 76%

Positive group: positive contrast enhancement group
Negative group: negative contrast enhancement group

Table 3 Distribution and cause of the extrahepatic perfusion and drug toxicity

Extraperfusion Cause Age/Sex Primary Symptom  Ulcer  Treatments Chemotherapy
The organs supplied by  Dislodgement of Catheter 68 y/M Colon i - - Cease
Celiac Artery (n=3) 73 yiM Colon + 8 Replacement Restart
62 y/M Rectum + = Replacement Restart
Gastlic Wall (n=3) Recanalization of Right 58 y/F Colon + - Interruption Restart
Gastric Artery 56 y/F Colon - - - Continue
68 y/F Rectum + - . Continue
Gastroduodenal Wall Developments of collateral 52 y/M Colon + Embolization Restart
(n=4) vessels and/or Recanalization 75 y/m Colon o Embolization Restart
of Right Gastric Arte
g : I 68 y/M HCC + - Interruption Restart
58 y/M Colon + C Interruption Restart

This table represents the detail of the patients with extrahepatic perfusion.

Ulcer: Gastroduodenal ulcer

Replacement: Replacement of the catheter port system

Interruption: Interruption of the hepatic arterial infusion chemotherapy

Embolization: Embolization of the collateral vessels supplying to gastroduodenal wall

9 #EHI(4%) TH o7z, Fiz, BUBEO63REE T, PR LI
17458 (26%) T, 324EHi(51%)1IPDTH -7z, HNEBEER)
SR S PR MERE | L~ B (p<0.0001) 8V IE B A/
EERLI

2. MAEDHDOFMEEFEER
(FFAR M5 )

IMRAIZT, 336 8BIEE— LAk R L, 156105
¥j—mafiem iz, AY—5AmEEORN 9 flidXigED
Hyperperfusion, %%V 6 BlL XM F 7212 @G ET O —&)
2317 A Hypoperfusion & & 7.

Hypoperfusion % 7 L 72 6 i3 &FIZDSAHAT S L7z,
FF41 70 & OB AT B D 5655 2029 % 26 THERR, il
at LBYIRZERRAT I & 5 MRS AT S 7z, 6 Bl 5 il
(ZIMRA THLE D +43 %2 B 2 R T & 727%, 581 1 6
WZoWTIR+FRam RN el o7,

(P95 )
PR, AN OSA 2 D D33 105 TH Fig. 4 Examples of the positive and negative contrast enhance-
. . . : ment groups.
o7z, TORELFAIKGTOWRIZ, Table 3NEY TH Short arrow: A case from the positive contrast enhancement
5. MOEY) 5 4 EORETIE, IMRAIZ THAMA0 B group. The internal tissue of the tumor is definitely enhanced.
. . e Long arrow: A case from the negative contrast enhancement
P ODSAZ THAV AR BETEDS 2 BIZFRD H 7z, 106]H group. The internal tissue of the tumor shows relatively poor
6 B2 BV TCTAD AT S N7, B+ il sE enhancement in comparison with normal liver parenchyma.
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Fig. 5 A 52-year-old man with colon cancer.

A: Coronal imaging of IMRA. Enhancement with contrast material can be seen on the gastric wall and duodenal
wall (arrow). These findings were not provided by CTA because of the artifact of the coil in GDA. On DSA,
no abnormal stain to the gastric wall or collateral vessels is visualized.

B: Two months later. The patient complained of upper abdominal pain and decreasing appetite. Multiple ulcerative
lesions were noted with gastrointestinal fiberscope. On DSA via reservoir, the collateral vessel of the right
gastric artery is seen (arrow). Although embolization was tried, it was unsuccessful.

C: After one month of intermittent drug. Coronal IMRA imaging.

The enhancement obtained with contrast material for the gastric and duodenal wall has disappeared. The
collateral vessels have also disappeared with DSA via reservoir. It is suggested that vascular injury or spasms
caused by embolization maneuvers help create some aspects of this phenomenon.

ZRHiE, A NVT—F 777 ML YWEEETH - 7.
(BEER)

A IZHyperperfusion &7~ L 72 9 ] 5 D 1 fiZBiloma
DI & 787255, Hypoperfusion® 6 B2 IZHEHS TR
Lo,

NG A 2 ROI106I0 S B, 6 IOEREFRALD
F9BITH o7z, 5 b TPUIBNOHIAi % B, —BED
ERERIE (Grade 1) 4 U7z, 2 FlidE B L O+ ZHE~D
S A 2 7R, B+ ZHeHE S (Grade 2) 2 A U7z
(Fig. 5A, B, C).

MRAIZTHA - FRE D ICEE IR ERE o728
BPUCIZFERERIIAON D o7, SHBRER, HTHH
Sz, RESMERS o2, FEFSR
DFEHERITA I (p<0.0001) F 74> - 72 (Table 4).

Table 4 Extrahepatic perfusion and drug toxicity

Extrahepatic perfusion
Positive Negative
Symptom (+) 9(2 of ulcer) 1 (biloma) 10
Symptom (=) 1 22 23

z =

fEsk, FADHOFMEICIZL »F 7571, DSA, b
WIZCTADFIH ST &7z, LAL, DSA, CTADEEH
HRE, EBEOERIZGEE &R, 1250 ICHET
bb. T, WEWEERS TRIETRRRY > F55 74
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FRBREE) T FEEL S AR RET L TV & 2w,
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757 4 RCTASETOMRAD S, XSt @H 2 Mk 54
(Hyperperfusion) XM DEHRE R 1 7+ =717 =
ZMZEoTHELYAZE, T, MRTHOET
(Hypoperfusion) (X llE MATE 2 S DHIMIZ L WAL H 5 2
&, ZEPFMLNTWS?, 4[OIMRAT b CTA T
ST\ A Hyperperfusion 3 L UTHypoperfusion i i & 4
7z, BEIZOWTIIDSA L DILEAD S, MBIMITEE S SO
HMAG L TWADZ DRI,

T A OFHIiC BV T, CTAB LUDSAIZIE, E52A
EAEDSHZ b O ORER BT 5N 5. CTAIL, B
SR LTWA L) IZ-DERT—F7 77 FOMIZE
WTC, FGAO, FRZE T ZIRBEEANO 5 A 12 128
v, FLCTATITERAOMTIZ LY, A4 %8
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FUHEICL Y, MEOTEFMIKRE(RLL. Thid
158 B AROFHMm I \3E 5 5 A%, HHGAOFFMHEE LT
BEAREY &£ 2B, IMRAIZIZZN S OREIT R, B
FEEOHFMOEESHBELONLZ LD, EEZHIZBITAF
HTH5.

FERRIZOWTE, ot RL7z10009 5 9 fl

ERISEILA25H

ZIHALEHERP R S, VA 2R & o 72 BEIC
THRIZED b7z (Table 4). FTH F+IBBHREASE
L7z 2 Flid, WTRLIMRAIZTHE &+ #BICHmv4
ko Tz, — B LEHEIEE L 7B
ADGFATH Y, FF TR ~OF I ESEFEEDOKE
LERATHLREMITRIRESNG.

Ao Bl CHER LA L /2Biloma® 1 #l1,
Hyperperfusion % 5 L 7 JEfHMECISI2 384 L 72, Fededh
EALE B O A PERE D — 2 AL RIS £ 5 T
5250.20 - fif 5T, IMRAIZBIT A Hyperperfusion|d &
DFEHGA % WL, JERMEXIRIC B TIIERE» £
LAtz RLTWVA.

Lk & D IMRAIZ & % R34 OFFi L, (EkDftDE
FN)T 4 LRIV BEEOBACRETDH Y, FITHFHNI
DFFHili & L CTEEENS {, FEiEREOARME & Tt
¥RODL)ZTERDLIDDELEEZOND, IMRATOH
BaHE, FEFREEEOTH, BILUENINT HEH
FEOPEIRILDWEEENDH Y, TSIV THEIES
FrERTRE LT ELW,

xEY

3DTI-TFE T3 5 IMRA IS 52| 2 S8 H Bl e 2 [mi |,

NESG O IER A RIS INIR % H A BERMT 5. IMRA
12 & 2 Broiieigs, 4RI B RS B A EH S D
i, FEESEC, AEFLOTHBL L OEEIZHH
LEZ L,
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