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Simultaneous Radiographic Visualization of all Hepatic
Veins by a Single Lumen Balloon Catheter

Haruomi Mutou
Institute of Gastroenterology, Tokyo Women’s Medical School

Research Code No.: 514.4

Key Words:  Total hepatic venography, Pan hepatic venography
Hepatic venography, Angiography, Balloon catheter,
Hepatic lobectomy

The preoperative informations of the anatomical pattern and existence of pathological process in
the hepatic veins is very important for hepatic surgery, The present paper reports the effective use
of a new single lumen balloon catheter in visualizing zll the hepatic veins simultaneously.

The advantages of this new catheter is as follows:

1) Only a brief interruption of the venous flow in the inferior vena cava.,

2) It has the same character as a double lumen balloon catheter by equipping a special injection
stopper. This stopper prevents the outward ejection of the contrast medium from the catheter only
when the positioning of the balloon,

3) The catheterization can be performed by the percutaneous technique,

The successful simultaneous visualization of all hepatic veins was performed in 100 cases with this
catheter; there were 63 cases of malignancy in the liver or biliary tract, 2 cases of benign. liver tumor,
a case of liver abscess, 8 cases of intrahepatic stones and 26 cases of other diseases of the liver,

The simultaneous visualization of all hepatic veins offered a preoperative information of the
anatomical pattern of the hepatic veins. This knowledge made the segmental liver functional test easy
and more accurate, It also contributed significantly in order to estimate the operability of a hepatic

tumor, to decide the resectable limit of the liver,
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W& @ balloon catheter PHIEZHL b $H7x,
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Z @ Catheter & X b £RF#IRE D RS2
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¥+°, balloon catheter @4y T2 % balloon
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Fig. 1 Distal parts of balloon catheter.

DEREOHRICIE U T, AW HH oL (1 x
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(1) Balloon jiffpyH= 35

147 Catheter j= Fig. 3a o] < Manometer
EAF, ERIETHAE LS, TOHEMOMNEE
[F)IRy F D PR FE A JUE L. «'lble I 3% oWIER:
Wa R LT %, Balloon MEOE AT 58mm
Tl Ml 50mm, SET 55.2mm TH -t
M, PIEE S 150mmHg, f5% 100mmHg, 545
TJ109.9mmHg o fEHA 7.

(2) Balloon Jefiifi— Mt A B:
Mv-F@or (NEE 16mm) THIFLEZPASEL 7=
Balloon #%“B45i Tl & ¥4, Fig. 3b. offix4-C
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/——- —_—— Medium
]
- R Contrast
Ty Ty ey = = -
= —— Medium

Fig. 2 The mechanism of the distal parts of balloon catheter.
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a. Endurance Test against Pressure

P —
——.Irlﬁ"' Air Pressure

Manometer
b. Strength Test of Junction Part between
Steel Wire and Balloon

1: Longitudinal Length of Balloon

R

15_l‘ . S [

_._,T,_.— Air Pressure

Manometer

¢. Lifting Test of Balloon
Lift

-~ Funned Type Container
Balloon
Fixation of Catheter

d. Strength Test of the Part connected with Valve
Lift

- Fixation of Valve Part

Fixation of Catheter

Fig. 3 Load tests of balloon catheter.

Table 1 Endurance test against pressure.

| No.of |outside diameter | inner pressure |

[ Catheter |  (mm) | (mmHg) |
' 1| 56 | 104
2 57 ! 100
3 56 ' 106

4 | 57 150 |

5 | 58 , 140 !

6 | 56 : 120 :
5 7| 55 E 104
[ 8 53 100
|9 54 100
10 56 104
11 56 100
12 55 104

13 54 104 |

14 | 50 100 i

Mean | 55.2 109.9 |

MhIEoh b L4, Balloon ppEld 5 L4
fedn otz Balloon A IS X b IR vt
Lo, WITRICHRE Uioht, BEZYENT O RTH R

HAREZFR SRS SMRE H40% 215

Table 2 Strength test of junction part
between steel wire and balloon.

N {ongi]t:ldifnabla” T
[t ] G
1 45 220
2 43 ' 220
|3 46 220
4 | 44 220
5 45 ; 220 I

46mm, fi7/v 43mm, Py 44.6mm O{EZ T L
7o M, WL iy Skl Balloon  o>rfdn
ThH, s filgs Sl Uiz b ook
[/ QR N6 43/ &3
(3) Balloon 7|4 b 35

Z kit Balloon Lt Catheter o[H]DGRES %3 1
b DOTH LD, A EHRME T Balloon 2%
W LKSh W% E LT, Fig. 3c. DjnZ » -
Rk gl A (1L 7=, Balloon #j57#% 40mm
W PRER Uz, L % PA U7 Catheter % Z o0 %5
TCAN, FTHEEEL, #ar LhcEs|L T
Balloon RyZUN oG [ 1% JIE Lz, SAMEITL
fonii e 2kgfem?, JRAK 1. 2kg/em® TH o fo. Bl
ZUEr e Balloon o} T4 - 724 Balloon @
B R DAL R B A Te s - fe.

(4) Catheter A{f: & Baticifi o5 [5E b AR

FrBeRE A NI L o & Catheter Rff 2 o
515 DA Fig. 3d. o ik cilE L.
Z DL BN RIE L1280 T H B D TER
12 2 KOLMAT L7y, Shb 2kglem? JEid St
HWie <, W% ERX@5H L Catheter Afhat
fiifz L7z,

HAF NS

Ll EOFERERERE» S BT, Ao TR
Mg 25~35mm THH, X, FFEIRAETIE
BT oMl OB%ic Balloon % 55PN L i
5 L35 I Esrc 700grfem® LUFCTH B o
b, BKRERASCHEH LB 0 THDLHE
bkt X, o fREi R Com R
B L, AR O MmN~ DA A IR &
HOLEFHTHY, Wi, JEH O\ IEE IR
Guide wire 7o LTS €541 bFHTH -



MFn654F 11 H25H

E3E HWEEE

g1 § Catheter 7 §R3%

Balloon catheter |2 1 2 fFifiliRis i Th A oM
IR FERF I KRR U7z Balloon A3 F G IR I 2 O
RIS X D GBI L R Sk, g ok
WAt &b L ThD. FIT, TR
L b Catheter % —5EDALFCHEE LT, &0
WM, BEEOM EAXR -1z Fig. 4 1 ro%
HThHH, [EEL Catheter oifi] A & 7 Hd

o Catheter [EEMOWHTTH. - OHR%E

The Foot of a Catheter Holder
push the Skin.

Fix a Catheter

Balloon Cathefer

o L
%“‘“ﬁ Skin

V. Femoralis.

=~

The Catheter is pulled Ratchet.
by the Venous Blood
Flow,

Fig. 4 Catheter holder and its use.
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FF =y P THIAKL, FE O {Z# 1 Catheter
EET 5. o7 Silicon $, fihos
J®iBsri Stainless BT 5,

28 RS

TERATH B o Catheter A RN M4 H
VAR AT B % 1 SRR T L AT A A A Aot
Teflon B>~ Bega BU{F L 7. Fig. S 13 DEEH
THHH, PREFICXERE Imm DB TH

h, Guide wire 2@ 5 L 51cc- T\ %, §EBE

II _ - I

Fig. 5 Vessel dilator and sheath.

FosEE 2.8mm ChH, X, MFiEHEmEFEo
ZERIL & KB 1 E T 2 ACHE 0. 1mm
@ Teflon tube ZFEH L7, PFEIT 2.8mm, #
f&ir 3.0mm THz, HEA Teflon 1= Ur-Hlh
13 Balloon @& & LTEH L7 Silicon [l o
BEBHR G IEEC D <, Balloon #fEAT 3 O
B LD THS.

£ 3 #i, Balloon ZEflat

ZAUEIET TR HAE 72 4 o T, Balloon PN
B AR S 4, Balloon PN EEEH o 25
Wi, G L < oo ol i+ 5404 o
TH%. v Teflon tube =i ki 4 e @
el AL, BHFOE 2 v Lo
Zx Teflon tube O4EHED b EMEE DR OF 575
mm 22 5 X 51 Lo o TH %, Catheter i
A DECH oo KRR LD 1A L, deia s Balloon
DTSRI v D gk % 22 L, Bal-
loon (/LA ZFBIMIS &5, FHH 1T LRy
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Fig. 6 Balloon perforator for emergency and
its use.

TELIAE DEFIK B o R Rk, fdigd
WA OREIED 1 DTH 5.
BAR F K
1 Catheter i~ O 4Fi A
Catheter O3 i AL ABEEIE L b Fig. 7ol <

15, JTSERIE Y 7 1 BABIR & AR

O L OZH LD 1~ 2 BiHRREM E T 5.

= ORI Fﬂr}'ﬂi'i*liéil“-]f-ﬂil"i’*’“\’ i+ 5hs, - oc
KEEEIR @ i, Ex MR LTH L, T
T (Jultlt wire & JCBEFRIR 12 3 A

L, Zhéae{lif LCBegt & KRREIR < AT
. Z OB, SHEEDIERICHEE < 55\ O TEHERY
W e ViR A CHAT 2B A B L. SHE

Seldinger

HAESKERESME $£40% 1B

_——Weire Guide

/// Skin

V. femoralis

Vessels Dilator+ Sheath

S

//@ Balloon Catheter

Fig. 7 Catheterization of balloon catheter.

SO MAEPINC A D & ST O LARDH S
ﬁz%iémkamfhfw&égmknfﬂﬂ
HIRAT S Z EOWFE ThH. Guide wire Jror
R4 i L, [EHic Balloon catheter 774}
g0l LC mAE P < FAT 5. Catheter 2
LichEA Eizb, A e Catheter D5
o A B 15 B fo i A S A A s b3k &
L, Catheter |z 8817 RBIZL TR (DR
o,

IR o JEHlizE <, Catheter 23 fRIREEC
M B HFL T Balloon Pl 4z frak 5~6ml %3 A L,
JemmgiRAE ORI S X s B L, Bal-
loon 2\ilRBEAR T X2 LD, DA,

g2 f  Balloon o

Balloon catheter % {Ji ] L = 4 iRIAIRE £S5 5
Pl b IR sk Balloon o (Vijifihad & -2 D]
FETHDH. FHHF Fig. 8 12737 ik T Balloon
ajik'ri."’f-mi'k T o T D,

S-SR Bt Balloon (= 10~~15ml
D~ AR EEAT %, Balloon (3
e X b EARCELSEHET 50T, ToRENS
Catheter i 22T 5] &8\ TR 5 &F KR
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Balloon Inflate Pull the Catheter

in the Right Atrium the Balloon
- Fix the Catheter
with a Catheter Holder

Pull the Catheter
1-2 steps by a Holder
~

Test Injection  Deflate the Balloon

Fig. 8 Positioning of balloon.

¢ 1z Balloon p33ei- BRBECEIE LS. = OLLE
T Catheter Z37RFECEEL, HIC, ZRGFO
592y PEERLT1~3%) Catheter %*5|%
#H <., o EHEMPTIEINC X - TRLS LN
WEEOIEMTIXL Hic, JFEZEOES T 7
BiethiER, & OFEDHE o TefT TS~ 3
U wimdfrik A 1oml #2 Balloon HiziE A L, H
B I AR CHiD I A 15~20ml % Zolc i
AT 5. TREIRE RO —H 1 ER Tre—
TSR3t Balloon ofiffi & L TIRRT
BBENBTF =y FTHEL, BEYTS.

B3 ¥

AL LTEHIL66% Angiografin R {EF L
T\wh, Zhd 16mlfs o AJERE CER0~60
ml AT 5. i o R X EARB XD 0,
2,3,3.5 4,45, 5,6, 8, 10BTHA, ¥
HTHRIER DT HE { Catheter @ Cock ¥,
Balloon PCZH 7oAl % (A BRI &
BB, & ORE, ERESET Balloon R OEKH%
Bl s &35 L, fflh &iiEss Catheter I
Wi B] &4, Balloon pzifiEifina R+ % EE & e
D OTHARTHINE B OH R,

#A45  Catheter MAZIRTLO KA D AE

LIFEIRFIN SR AT E T | & S RSB O fbh
FEHHFT T 5 Bk Catheter D2 73 HIE & g
5. OB SHEH B MEPICIHA LT
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e Catheter Zfids 3 B\V2%, BiRE ©
<, SHEEt v BT CH D o TEER C HECHE
A LML b 7oy, Balloon cathter ik
#%, BT Guide wire L, 10cm &
Catheter D4 X h 22H X7 Catheter % g
2l LTS FAT IR . £ERT
#ix Catheter Prkfh, 4 ~10MOHEME IR MR
ORERITEIC X 5 EEREE T 2~ 4 Rl o Z2 FI
TR ORHEEROLEN BB,

B5E B
F1H RS
£ PRI o [RIIRE 3 B % W4T L 7o REFIE 10061 T,
B EE X109 TH S, ORDERLTELR
MALEHE « v & — CAB I C, FREIF
ERE LN, FAEGOERY M5 UNENDH
F5EG, LEBRE O R TIEIEZ OB LR
TREFITH D, Z£OPIFUL Table 3 o< pIfE

Table 3 Clinical cases which were performed
hepatic venography by our original catheter.

Primary malignant tumor of liver............... 36
(Hepatoma, Sarcoma)
Malignant metastatic liver tumor............... 22
(Carcinoma, Sarcoma)
Liver cyst, liver abscess ........ccciemnivninnennes 2
Benign turnor of Liver.....ccocvvviiiiiiniiiiinnnns 2
Malignant tumor of choledochus
or gallbladder......... 5
Congenital intra-hepatic choledochus i
dilatation or intra-hepatic stone......... 7 |
Chranic, hepatitis ... cmu: v imviesosimsmnuasses 2
LV O8I e e e ea rr s e e s eaienas oe s saleenae 1
Ve T g e e e el aale s ais s seisnis 16
Obstructed jaundice .......cuvvririeinrrnnenniannnns 1 |
Anomaly of the portal vein .....coccevevvenennn 1|
NORAL TIVET <.vvvvierereeiverarseresaeseeeneeereens 5 |
Total 100 |

wEU RT3 6], AEL & UER 22
B, BFo 5 S 2 6, FriEiE 260, Ho
5 ik S U NPT E S 5 61, FFRRAE O 5 JE
REFER TH, 18Rk 2 60, FEARERE 14, B
FEZEFE 1607, PASEMETE 141, MIREH 141, IE
IS HITH .

W2 LFFEIRE OEINE
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FFRIR &L D ERERABE 52 Bk Uik, &
TE BIR LIc B B O BF I ARE: & 231 e b eh i
DRI KRS & BB LT 284 3 IR
BRas B43IE LT B4 &b TrhIFIRE & L
o, EIREDDS & ORERMEEE ShTwWah
BAL T, IFUIRE OBEFEN OFMIFFEiE 2
HEE 3 5 RIRITIS BRI, FFUIRMT TR 0B iR
ZHTET % T BB TR OB O MK 2 b
O, FEIERMTEITCER Lo Tk S LB b 5 fif
IR T sk & LT RMIRE O IR D 3 4
Boe o RE, hEECKE s EEoz
W NEETLER 4 BRI, NES 02
B ABRTLEE 7 43 X D RRSIZ0E B S hie
BEOAEECHBE L., X, BIFFgIF¥Ec+
DA DHDBERICHED, K&, £, EFkE
FORRIESELERE Ui,

ELEOBEN HBER Licods Table 4 ThH%
0, DI OMERRY T DIXEHEN 6%, T

Table 4 Visualization of hepatic veins.
A. Without liver cirthosis (61 cases)

Numbers of caser

Visualized : - <
branches | JeBRE | P | verar 5o
right lobe | veins left lobe

— lst 10 24 22

2nd — 3rd 10 13 11

4th -— 6th 10 7 10

7th — 31 17 18

B. With liver cirrhosis (39 cases)

Numbers of cases

Visualized

branches | ety | heatic | vebw i
right lobe | veins left lobe
N -— 1st 15 341 23
2nd -— 3rd 15 1 2
4th -— 6th 9 1 2
Tth — 0 0 0

C. Numbers of accessary hepatic veins

Numbers of accessary 0
Hepatic veins

Numbers of cases 24 | 40 ’ 16 ‘ 71 112

12]s]af2

HAREE M RELSEE H40% 5115

R 2367%, K N83% TH-THEIE N FELE
W 3 DRLETIIENTEY, Hsd2%, Jehids
s, WICH 45K EAAT50%, Hiai25
%, 7E0330%, RMEHEEMHSE D1IE231%
THHH, HX17%, FiX18% L\ 5 {ERTH
fo. TheWER & FFHETCS T it s
LRI U TIIEEERED R 4 0 HE s S AN E
OREFNE67.2% Th HhS, WERETII28% L5
MIAER Ll o T b, X, hIFRIR cirademgs
T39.3% 1t L, WAERT2.6%, o3 i b
TR 145,97 3 LA TI35.1% L e T
5. A, ELeichic o CIFEEEREIL L
T DR R E0MR S,

YO Bl R D3 U < Table 4 1R L
M, 1ARDA%, e Lh2d%, 2EK016%ThH-
T, Doehner 0#fi& o X 5 1 HEAELIIE bR
Itinste, L L, BIFEIREIC IRV
ONR LR, FFYIBRMTCE LT hb o4k
OBRIHNAD LD EEZ Ba,

% 3T PEBAITERE

()RR —BC BB o B R
CRIETRR & e b FFEIRE 2 2 0230 RIR L
TRBE B, L, h, /NEE TR &
LTERIh 28815 5.

(2) EBMIFE 2 UCH#RE KB L
TS0 % FEEEIRES D LD 26 %, EHE, B L
TV L RPED B, Feici7e alEED
SEVHRAL, PesE, BlmATEEIRL, Mo’
Lk s,

(3) o 5EERRZE B - RELDOPT RAR S
A WSO R SR,

(4) FFffEE FFSIROEDE - fhEG:, 25
BOREHKORBENRELRS.

5 FrEZE 2RO RREY CsERiR
FBIIRE O BEDS D, —i I TR T
o, DRI U BNATES O SN B h 5.

(6)  WFds : B Iint DIRELE & B oy
Roh5.

WA AOHE
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B g i E B RS Ut & DHIE L S rh 484
EOZTHD. T HIR10~30H TN+ 2
B6I RE H
H OREER UIRERD HAEN b 0% #on
g 5.
(1) IEHM (Fig. 9)

T.S. 38 & WHTHER & 5 TERE

Rt UIcHT, —ie AR @ s leoh, &
Dk, WFiRER & iE1T L 7. lf*]fflﬂgéﬂ'l Fig. 9b
DML ER THY, ik biEESE X R HHhk
Mt

(2)  JEFMNE (Fig. 10)

b

Fig. 9 Normal case.

a. Arteriography, b. Venography.
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U622 RS © AT L oo s
L2 St FREIRE B C LR 4 O TR
B Ehd, X, RolFEikkEac 35 S
Bk, RACFOFT RS ik s . AIEVBRL
% {7 L7z
(8) xR (Fig. 11)

M.K. 67i% & BhiRaEE CAEOK = i
MR S hte, TR A T R 2 a2 N s
DERELTED, GRS & 2 xhis. gE
Catheter #c X b (I © FE6EBhE & HG1T L7s

At ¢ 9 - B BT L Fn. TR o
HEA A N O 4 EA = - |'u|7 o ANHET N

IZZE U e T m g .{Ff-éh.?i:.

4 EBEE (B Fig 12)

S.K. 45% 2 Al TRIJTYIRRAT A 1T L
fo VAERRICHTIE K& A L ABEES A T 2. B
W& R CHIEO MR DEB B R S, #HIR
T CIFEIR D 7yl i b, GIBRT
HE & 7 2 B ie O THIEVIBRAT & §ifT L.

(5) M (FEERSE (Fig. 13)

5.5, T4k 8 AR IO 0% Rk DR
R OREFITH D, BIIREE TSN LD - 7ok
DR IBIRIE THERSH S, BIIE L 2223
BAFHLE 2 R, BRBRBHIE IS - 7

(6) HEBAEITIES; (Mg (Fig. 14)

T.T. 545k & NEHEERE C ABEE# S L,
RAMEEYTH OB KR AE & A OiEE
MR S i, kOB THBA TS 5208
SR A AT Lic. I oiERH L £ e L E
<, L, HRERAIC b SERERE &I S oo TFY)
BRIZHETT L fein o 7o, MERHLEBE Lioni 4 # B
el Pk oo B9k & RPTESE T BABL  HlEEA
SEChEE L i Rie <, Filitk 6 » AT L

B

(6) JmAE (Fig. 15)

H.E. 435 2 JHEASERR T ABRBE O
B, AEONF M EE S h, ARETIERT A it
T,

(8) IFHIAE D 5 (Fig. 16)

H.H. 18j% & WMo lFPIeE o 5 [l cAHF
Bz 2 Vi & EEDRI AT 5 FE
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Fig. 10 Operable case of hepatoma. In arteriography (a) unhomogenous tumor stain can be reco-
gnized in the right anterior segment. At the venous phase the right anterior branches of the
portal vein was obstructed completely by this tumor, but in the other portal veins no tumor signs
and no thrombosis were recognized. In hepatic venography (b) the area of the tumor showed
the filling defect of hepatic veins. But in the other hepatic veins and inferior vena cava no
tumor signs can be recognized. The right lobectomy was performed in this case.
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In arteriography (a) the big hepatoma was recognized in
the right hepatic lobe. In venography (b) filling defect of right hepatic vein and the upper part

of vena cava inferior was visualized. This finding is one of the most important signs which make

Fig. 11 Inoperable case of

hepatoma.

this case inoperable.
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Fig. 12 Operable case of liver metastasis of rectal cancer. The filling defect and displacement
of hepatic veins are visualized in venography (b). This is same area with liver tumor in arterio-
graphy (a). In this case no other tumor signs cannot be visualized by angiography, and the infe-
rior vena cava and the roots of every hepatic veins were not involved by the tumor. These findings
make this case operable.
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Fig. 13 A case of multiple liver metastasis of pancreatic cancer. In arteriography (a) irregularity and
displacement of hepatic arteries are recognized but no tumor stains are visualized. Hepatic venography
(b) shows filling defects of peripheral hepatic veins in left lobe, and irregularity of hepatic veins in
right lobe (indicated by two arrows in the right lobe).
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Fig. 14 A case of liver metastasis of gastric leiomyosarkoma. Hypervascular tumor in right lobe
was recognized with a big gastric tumor (a). Hepatic veins arround tumor were compressed
curvelinearly (b).
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Fig. 15 A case of liver haemangioma. Curvelinear compressed left hepatic arteries are visualized in
arteriography. Super selective left hepatic arteriography was performed, but no pooling signs can be
recognized (a). Filling defect and displacement of hepatic veins are recognized in venography (b).
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IFig. 16 A case of congenital choledochal dilatation. In super selective proper hepatic arterio-
graphy thickened choledochal wall was stained obviously (a). In hepatic venography compressed
hepatic veins arround dilated intrahepatic choledochus were visualized (b).
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Fig. 17 A case of liver abscess. Right hepatic arteriography shows tortuous findings and slightly
compressed findings of posterior inferior branches. By stereoangiography filling defect of hepatic veins
was recognized in the area of abscess.
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Fig. 18 A case of obstructed jaundice. This is a case of papilla Vater’s carcinoma. In arteriography
fine irregular arteries were slightly increased in the liver (a). But no tumor stains could not be

recognized. In hepatic venography dilated hepatic veins and slightly curled peripheral hepatic veins
were visualized (b).
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Fig. 19 A case of liver fibrosis. In this case almost normal pattern was visualized in heaptic
arteriography and in hepatic venography (a,b).
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