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Fig. 1 Experimental models of three bypasses

PV : portal vein, HA : hepatic artery, IVC: inferior vena cava, CIV : common iliac
vein, EIA : external iliac artery, FM : electromagnetic flow meter

In the hilar clamp+PC shunt group, HA and PV were ligated at hepatic hilium
and PV-IVC bypass was performed. In the double bypass group, HA was ligated
and PV was cut and EIA-PV bypass and PV-IVC bypass were performed. In the
PV-PV bypass group, HA was ligated and PV was cut similary, and PV-PV
bypass was made between the stumps. The blood flow in the bypass was measured

by FM in the latter two groups.
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Fig. 2 Double catheter bypass in clinical use
(Mimura method®)
PV : portal vein, SpV : splenic vein, SMV : supe-
rior mesenteric vein, IMV : inferior mesenteric
vein, IVC: inferior vena cava, FA: femoral
artery, DFA : deep femoral artery, GSV : great
saphenous vein, GB: gallbladder
In the double catheter bypass performed clinical-
ly, the liver blood flow is obtained by a flow of the
arterial blood into the umbilical portion of PV
through the round ligament, and the volume of
the bllood flow is adjusted by a pump. On the
other hand, the portal venous blood is bypassed
from SMV to IVC to avoid portal congestion.

round ligament

PHG-201, DDU-101, PHG200) ¥ & »7:,

5 FFESBESE (Pto,)

HBBRASES (S v — 2 v 418 PO-2080)1 & »
fo.
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1. SFHBIRE (AP)
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A A~ R HBRRE LT\ (Table D),

2) PV-PV bypass &
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Table 1 Arterial blood pressure (AP), Heart rate
(HR) and Central vein pressure (CVP)
AP and HR were reduced during bypass in both
groups, but were kept stable during bypass and
no remarkable change was observed also in CVP.

Group m | After bypass (min) .
. 30 0 | w 120
ap D(n=6) | 1512318 | S0£117 | 9472123 | 9052121 | g8.1% 97
(mentty) Pn=6) | 11902341 | 920+198 | 915168 | 8592166 | &.1%154
HR D(n=6) | 14432258 | 11522157 | 10452179 | 10252180 | 10472152
(beatsjmin) | P (n=6) | M50+187 | 11272139 | 998=81 | ®5:w7 | 922133
cvp [D=6) | 62619 | 83217 | S0222 | 53218 | S4=20
(emh;0) P(n=6) | 55221 59222 | 56215 4330 | 48216

D : Double bypass P : PV-PV bypass

bypass B & FI#RIC S 1 < 2 RE L TV-# (Table
D,

2, L (HR)
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.
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Fig. 3 Portal vein pressure (PVP)
PVP was elevated 30 min after bypass in both
groups, but kept stable during bypass.
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Fig. 4 Total hepatic blood flow (THBF), cath-
eter blood flow (CBF) and hepatic tissue blood
flow (HTF)

THBF, CBF 0—0 Double bypass (n=6), ®---@
PV-PV bypass (n=6). HTF A—A Double by-
pass (n=6), A--A PV-PV bypass (n=6).

CBF made progress with nearly the same value
as THBF in the double bypass group, though a
slight increasing tendency was observed after
bypass, but the value was decreased markedly
compared with THBF in the PV-PV bypass
group. HTF was kept near the initial value
before bypass in the double bypass group, but a
decreased state in HTF continued after bypass in
the PV-PV bypass group.
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357.2+81.4, 604 T373.6+85.5, 904 349.21+67.8,
1205 ¢375.3+101.9 & BECER L 1= (Fig. 5.

2) PV-PV bypass
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Hoteht, A4 RRED Po,ik304 C81.8+19.0L 1K
TFL, 605 84.8+18.5, 904 T77.3+13.8, 1204T
77.6+7.5 L BifEIC <30, 90, 1205 CHBRETL
7z (p<0.05) (Fig. 5.

8, FrABEMZESE (Pto.)
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Fig. 5 Po, of bypassed blood
Po, of bypassed blood was kept on a high level in
the double bypass group, but it remained on a low
level compared with the initial value before bypass
in the PV-PV bypass group.
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(Fig. 6).
2) PV-PV bypass &
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HRISMEMTENRE O 7 — F A4 A RBRIC L 5 FmfTRE
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Fig. 6 Oxygen pressure in hepatic tessue (Pto,)
Pto, made progress with nearly the same value as
the intial one before bypass in the double bypass
group, but the value fell markedly in the PV-PV
bypass group.

(mmHMg)
120F

A Om—0) Duble bypass (n=8)
' &= ==8 FV.PV bypass (n=8)

" = P<0.0B

| T“‘*-‘f«"/T\"‘T

1 .

&0 S0 120 (min)

After bypass

41.8+13.7, 604rC33.3+10.7, 904C45.3+17.9,
1205 T37.2+11.1 . AETIXCBF 8 X U3 1 ¢ %
01> Po, DETFizk b, Pto,i3RifEL v HEIETL
7o (p<0.05) (Fig. 6).

9. BF ATP &3 X U Energy charge (EC)

1) Hilar clamp+PC shunt &

IF#E#% ATP 5 X O'EC i3, E¥#TTIL5 5K
T2 LIZUD, 155 UHBEECET LikEaA R 12,

Table 2 ATP and energy charge (EC)
ATP and EC levels were lowered from directly after clamp in the H group, but

they were maintained nearly the same as the initia] ones during bypass in the D
and P groups.

Time (min)
Group | Before
5 15 30 60 90 120
* *k *k *k K% *k
ATP H(n=3) | 19970226 | 1227+0.155 | 05450066 | 0.402%0.108 | 0.181+0.093 | 0.17720.055 | 0.221+0.109
{(umol/wet | D (n=3) | 2.367+0508 - - 23800390 | 2.147£1.128 | 2.150+1.082 | 20570616
weight) P(n=3)| 2734£0.182 - - 2466+1.204 | 2.449%1235 | 2.373+0867 | 2354 % 1.048
* Kk *k Aok ok sk
H(n=3) | 0810+0.042 | 0591+0.080 | 0.430%0.039 | 03250111 | 0.226*0.102 | 0.231£0.023 | 0.268+0.078
EC D (n=3) | 0.848£0.062 - - 0.847+0.068 | 0.747£0.180 | 0.780+0.121 | 0.830+0.046
P(n=3) | 0.803+0.008 - - 0.821+0.058 | 0.808+0.072 | 0.779+0064 | 0.790+0.053

H ! Hilar clamp+PC shunt D : Double bypass P : PV-PV bypass

* P<0.05

** P<0.01
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COZERFEMOF ATP EAFRE X Uenergy R
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2) Double bypass #
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3) PV-PV bypass ##

HTF X U Pto, i EDETIZ b drdrdo 33 A o3
AELFATPE L ECEAROETRALR -
7= (Table 2),

10, Frédds (HE Hf)

1) Double bypass ¥

A R ZH05 TR, BROBERREYRD N,
7YY v, RLEBRCEEYRDT, ¥LFMRO
REMCLZEE YL LD (Fig. Ta),

2) PV-PV bypass #

EAALAABRBCT S A1 RO FEBR
i, L BlEkntbliesote (Fig. T,

IV. £ £

FANREERT I FIIRR 5 - O 7= DBER, MKERER,
EHOBRBRE, B IEETELECEALEELYR
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BicEENHELY, BEROKBEICEMLEZRDLRI0
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SR EOELETRAHRY & e 510, MRREFR b B
Bz £ X h Disseminated Intravascular Coagula-
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ERE

o k3 nPIRENRC R S h s RIE R, LB
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=i 2 CHEIIR D& BRI+ e BRI A G IR
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I 47 A BT o\ TiE, BTR O PIIRERTIZ & B
SRELFF0 L 0MTEEL Y 4ET5 250/
A ERTALNEND DD, 1 2EHVEERTR20
SAREOBRRCTHB EIRTV5HY, PIR—KER -

Fig. 7 Histologic findings of the liver 120 minutes after bypass
Significant change was not seen in both groups, but slight dilatation of sinusoid

was observed in double bypass group.

a : Double bypass

b : PV-PV bypass
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BT &EE X bR T 5, BAERCS - TOEER
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RTWBEVIRELH B, L LPIPRRO ML
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MNTHENERIE Y T L AEEFSET 0D 5
CEMEIRAE TS 0, SHOBRETHS S LED
o, LeLBRTTbATWA ISRy 72
LLMBOHMIBRCTREL I8 B,

AEBRTR I CBMBESIR—-FIRESY 7 — 51
AA i AgkEF AL LT Fig. 1D X 57 PV-PV by-
pass B L, AFECTREBERHEAA < AFTOP
PR E & BEOMMBE CHMES EEIRD & &
A, L LEEBROH T~ F LMK EE, 1R
RO EFFMFEED4]L. 4~47. TRET L1, AERT
DB 3 5FIIRMERD & 5 &8
80%BTHD, Lih-THF—FrlikEeE, 4
SNAFOMROKBCHER LIz bwies, o
REETFOERIZ, »F—FAEATHD, BFETD
LRSI —PIREE » 7 — A S 4 SRR
IRV EFEFCEERIE ST MR O E -
5 HCHELA LR,

DL B 20D A AEIFEERE DO HIE L
LTR2 Bt 0Thih, WTFhbBRAl
BEFROKRBID Y, 1 2T HOBESBIZ>
WTLERL i hiEi 57y, Double bypass &£C
3, FFPISSM{TEN T cPIiRMLGEE AR, B
MEFROMIRREHEAT S Z L, LaLAE
BTRENI IR AL A 2hoe ERBREHRCITE
BlHihbhishot, ThbbAL 2D h5—F
AHITREA S A R RO SFFOFERE DT, B
MAEEFAOFIRFRICHA L, —75CPIIRILA AT
RCHEHBRMSh T, BERBBCKEcBELE:
TR eEZbhi, Tl A EFROMRER
WHIDL.7~1.8fF I LR LS, BERcKI 5P
S5 - WOBERBETH -7, PV-PV bypass 811,
BB 1Z Double bypass #:12 £ DEBROLTAIL It
V., AETRMIROASF 2 EH T 5 0b 4 22t
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PIRE B E FREEC D - 7o, PIRFRO 5 -
BETHVYERPBLELZIALRR 1,

&g, HESBRIASES L OFER= 3
F —R#I1IZo\\ T4 5 & Double bypass BT, <41
RNAFERBE L COTh b RFICRICAFBUNMER S
IO =2AF-REPRFINIZZEBELRE
7t -7z, PV-PV bypass BT, FFESOKE, 0%
BESEMET LR, Fig=x1 ¥ -3, <
4 A ARTE FIRTORETRE IR T, EBRNLE
PHEDO=FAF KRB LETEECO>V-TORE
13, ATP *® Energy Charge (211 DEAE S DK
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PEELCEECETTAEA EHIR TV B,
EAL ARAETHLRCEABLRE, 8BRS ED
EBTE, ZoBEAHLTRHLLOHFERENTH -
EWvzd, L LzofrREM R FEm oA & F
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Experimental Studies on the Catheter-bypass Methods for Maintaining the Hepatic
Circulatin under Complete Blokage of the Hepatoduodenal Ligament

Toshiaki Kimura
First Department of Surgery, Okayama University Medical School

Bypass circulation for maintaining proper hepatic circulation during total clamping of the hepatoduodenal
ligament was studied in mongrel dogs. Three experimental groups were prepared: a group with no hepatic inflow
under total clamping of the hepatoduodenal ligament, accompanied by portal vein-inferior vena cava (IVC) bypass
to portal congestion; a group with double bypass which consisted of both iliac artery-proximal portal vein and distal
portal vein-IVC; and a group with a single portal vein-portal vein bypass. Total clamping of the hepatoduodenal
ligament immediately decreased the levels of ATP and energy charge in the liver. In the double bypass group, the
hepatic blood inflow, hepatic tissue blood flow, tissue oxygen pressure, and the levels of both ATP and energy
charge in the liver were maintained at normal levels, with no significant systemic circulatory dynamic or histologic
changes. In the single bypass group, hepatic blood inflow, hepatic tissue blood flow and tissue oxygen pressure were
decreased, although normal ATP and energy charge levels were maintained. The double catheter bypass method
proved to be exellent for maintaining hepatic function and portal congestion during temporary clamping of the
hepatoduodenal ligament. The single catheter bypass method was not satisfactory for maintaining hepatic
circulation.
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